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egg 

A structure which the females of certain animal species lay as a means of reproduction , it contains a 
fertilized zygote and nutrition in the form of yolk for the developing offspring, sometimes contains 
other substances (e.g., the white of a hen's egg), sometimes surrounded by a protective outer shell . 
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ovum from On-line Medical Dictionary 
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ovum 



1 . The female reproductive cell which, after fertilization , develops into a new member of the same 
species ( von Baen 1827), an egg . 

2. The human ovum: a round cell about 0. 1 mm. In diameter , produced in the ovary , where there is 
deposited around it a noncellular covering ( oolemma , zona pellucida , zona radiata ). It consists of 
protoplasm which contains some yolk , enclosed by a thin cell wall ( vitelline membrane V There is a 
large nucleus ( germinal vesicle ), within which is a nucleolus ( germinal spot ). By extension , the word is 
also used to designate any early stage of the conceptus . when the embryo itself constitutes a tiny and 
insignificant part of the whole . 

(18 Nov 1997) 
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Note 

Production of Transgenic Mice from In Vitro Fertilized Eggs 
Cryopreserved by Ultrarapid Freezing 

Masayuki ANZAI*, Naomi NAKAGATA* ** Kazuya MATSUMOTO* , Takayuki 
ISHIKAWA* ** Yumi TAKAHASHI*-** , and Kenji MIYATA* 

*NT Science Co. , Ltd . and ** Nippon Institute for Biological Science, 2 ,221-1 
Shin-machi , Ome-shi, Tokyo 198, Japan 

(Received 7 December 1993/Accepted 4 March 1994) 



In vitro fertilized mouse eggs (C57BL/6N) , followed by ultrarapid freezing were used for 
production of transgenic mice by microinjection of the chicken fi-act'in promoter-driven the firefly 
luciferase cDNA (y3 act-Luc) . Following micromanipulation, the survival rates of the cryopreser- 
ved eggs and of the fresh in vitro fertilized eggs (control) were 70.8% (131/185) and 71.9% (159/ 
221) , respectively. After transferring them into oviducts of psudopregnant recipients on Day 1, 
13.6% (17/125) of the cryopreserved eggs developed to live offspring and 14.1% (21/149) of fresh 
eggs did so. It was confirmed by Southern blotting analysis that each two transgenic mice were 
produced from the cryopreserved eggs (12%. 2/17) and the fresh eggs (10%, 2/21). All of 
transgenic mice produced from both eggs showed the expression of the luciferase gene. These 
results indicate that the in vitro fertilized eggs cryopreserved by ultrarapid freezing, can be, easily 

and conveniently, used for generation of transgenic mice. KEY WORDS : mouse pronuclear 

oocyte, transgenic mouse, ultrarapid freezing 
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Table 1. Injection of /? act-Luc fusion gene into 
cryopreserved in vitro pronuclear oocytes 

No. of oocytes (%) 

Used Injected successfully 



Groups 



Unfrozen (Control) 221 
Frozen-thawed 185 
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Table 2. Production of transgenic mice from unfrozen and frozen 
pronuciear oocytes 



Groups 


No. of 
oocytes 


No. of 
recipients 


No. of 

offspring 

i%) 


No. of 
mice 


No. of 
transgenic mkei%) 




transfered 


Used Pregnant 


analyzed 


Total(%) ^ c? 


Unfrozen (Control) 


149 


6 6 


21(14.1) 


21 


2(9.5) 1 1 


Frozen-thawed 


125 


7 5 


17(13.6) 


17 


2(11.8) 0 2 
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Unfroren Frozen - thawed 

Transgenic mice 

Fig. 1. Expression of luciferase gene in brain tissues of 
transgenic mice 
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Using the Amniotic Cavity of die Devdoping Chick Embryo for the 
In Vivo Culture of Early*St4ge Mammalian Embryos'-^ 



E G. BLAKEWOOD,^ J. M. JAYNES,^ W. A. JOHNSON,^ asd R. A. GODKE^ 

Louisiana Agricultural Experiment Station. iSU Agricultural Center, 
Louisiana State University, Baton Rouge, Loi^siana 70903 

(Received for puUication March 8, 1989) 

ABSTRACT The fotile chicken egg may provide an effective, inexpensive method for promoting the 

rfftvftlnpment nf Mriy-rtflge emhffyft* ftnm nther aperJar PBMwrtly, thii tntf <riy^ni^y flmriiffit with ihft in 

vitro cubuie of mammalian embryos is hinderiag the use of In vitro fedilizaiion with fonn admals. 
Consequently , alternative in vitro labontay methods aie needed fior the cuhme of «Mmmrfi«n cmbiyos. A 
new oKthod has been developed that hivoNes the ciiltuie of inanunahan emb^ 
developing chick embryo. Chick embryos were placed into shell-less fa«ibatkMi (37 C) at the 

71A <tetfek>|Hgfital «t^. After 7A h nf Arft-lM inrirfiarinn , mgmmt^^htMm^ mamttf llffi ^^yffT in*-^ 

tojectpdfato the anMik)dc canity of tf»chich embryo. The maimnalian embryo 
tiqukl agarose. One to four embryos were then aapinted hm> a beveled h^ 

the agarose to harden. Following peaetiaiioo of the amnioQ with the beveled p^ietie, the agarose cyUnder 
contayng the embo^os was expelled into the ainniotk cavity. Ite 
toincnbaiionat37Cforanadditiaaal72io96h.Mlowiigincubatk^ 

chick aMtnamnalian embryos was isolated and the a8»ro»'^^ 

Signifkantly move embryos devekjped in the chick embryo amnion thanm 

obtained ush^diis method on ldKraaryantmato(inice)and no dotnesdcfnae^^ 

that the chick-crobryo amnion can siqipart the devetopmeot of eaily-stage, mammalian embryos to the 

blastocyst stage of devdopment This unitpie approach inay be an altenutive to 

the embryo in vivo and in vitro, 

{Key words: mammalian cmbiyos, chick embryos, viaUlity, shell-less culnue) 



INTRODUCTION 

The aiqoarent inability of defined culture 
media to suppoit the growth of eariy mamma- 
lian embryos to die blastocyst stage has 
resulted in the develc^ent of sevend, alter- 
nate culture techniques. These include in vitro 
cocultue widi feeder cells (Cole and Paul, 
1965), fIbroUast monolayers (Kuzan and 
Wright, 1982; Voelkel et al., 198S) or tiopho- 
Uastic vesicles (Camous et al.^ 1984; Heyman 
et al.. 1987; Pool et al., 1988), and in vivo 
culture in the ligated oviducts of sheep 
(MUadsen, 1979). Recent successes in produc- 
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ing in vAro-feitilized bovine embryos (Lu et 
al,^ 1987), pronuclear gene injecdon (Hammer 
et al.^ 1965), and nuclear transplantation 
(WiUadsen, 1986; RoU et ai., 1987) have 
increased the impoitanoe of early embryo 
culture. The pinpose of dds study was to 
develop a technique diat would allow eaily- 
stage mammalian embryos to be btroduced 
into die amniotic cavi^ of a developing chick 
embryo and subsequenUy recovered f ollowii^ 
72 to 96 h of culture. 

Chick embiyo exti»:t (CEE) was ammg die 
first fiictors used to stimulate the growtfi of 
mamnuJian cells in cidture. Cand (1913) 
found diat die CEE increased die giowdi of 
canine omnective tissue at least three-fold 
during lit viiro culture. In later studtes widi 
avian tissues, Wtlbner and Jaooby (1936) 
showed dut CEE had die ability to stimulaie 
die developnnent of cells diat had ceased to 
grow in odtuve, widi die rate of proliferation 
proportitmal to die concentration of CEE. New 
and Steui (1964) cultured postimplantation 
mouse embryos on plasma dots containing 
eidier mmise-embryo extract or CEE: diey 
noted that CEE was capable of promoting die 
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in vuro growth of mouse embryos at a rate 
similar to that of mouse-embiyo extract. 

Recently, human amniotic fluids have been 
used as an alternative to balanced salt solutions 
for human in vitro fertilization (Gianaroli et 
at., 1986). The amniotic fluids used in that 
study were collected from women during 
different stages of gestation. Ail such fluids 
were capaUe of siqspoiting die growdi of two- 
cell, murine embvyos at a rate similar to that of 
a serum-suf^emented medium. Furthermore, 
pregnancies were obtained from in vitro- 
fertilized human emteyos cultured in these 
human amniotic fluids. Recently, embiyotropic 
activity has been verified in human amniotic 
fluids using early-stage murine embryos cul- 
tured with amniotic fluids obtain^ from 
women during early (wegnancy (Ball et aL 
1988). These embryotropic properties may also 
exist in the amniotic fluids of chickens. 

MATERlAl^ AND METHODS 

Preparation of In Vitro Chick Embryos, 
Fertilized chicken eggs were collected from 
domestic White Leghorn hens on the day of 
oviposition and stored at 10 C until incubation. 
Fbur days priOT to the collection of manunalian 
embryos, the eggs were removed from cold 
storage, rinsed with a solution of 70% ethanol, 
and placed in a 37.S C commercial egg 
incubatiH' (75 cm square) which automatically 
rotated the eggs 60* every 60 min to prevent 
the adhesion of egg contents to the shell 
membrane. After 72 h of incubation, the eggs 
were rinsed again with a solution of 70% 
etiianol and allowed to air-dry. Then, die eggs 
were coated with a commercial Betadine 
solutiim (Puidue Fredrick Company, Norwald, 
CD and allowed to dry in a horizontal 
position, tiius preparing for an q>(nopriate 
positioning of the chick embryo. All subse- 
quent preparation of shell-less cultures was 
performed under a laminar-flow hood in order 
to minimize the potential for contanunation. 

The original procedure for the shell-less 
incubation of developirg chick embryos 
(Dunn« 1974; Dunn and Boone, 1976) was 
modified as follows for use as a manmialian- 
embryo coculture system. To remove die egg 
contents, two pieces of medical adhesive tape 
stretched across the jaws of a pair of 
200-inm, surgical retractors were used to afiix 
die egg in i^ace at each pole. A crack was 
made by striking die area of shell between the 



pieces of tape against the rim of a sterile 
beaker. The cracked egg was then held above a 
piece of cellophane kitchen wrap (Saran®, 
Dow Chemical, Midland, MI), which covered 
a 100-mL plastic embryo collection bowl 
(Veterinary Concepts, Spring Valley, WI). The 
egg contents were released by opening die 
spreaders. The cellophane wn^ was folded 
around the rim of die collection bowl, and any 
excess was trimmed away. Then, the bowl 
with die egg contents was placed in a second 
bowl to secure the cellophane wn^ and was 
loosely capped with a plastic lid (Veterinary 
Concepts, Spring Valley, WI). This shell-less 
culture system was then maintained in an 
incubator at 37 C with an atmosphere of 2% 
CO2 in air for an additional 24 h prior to 
introducing the mammalian embryos. 

Injection of Agarose-Embedded Embryos 
into the Chick Amnion. The procedure for 
embedding early-stage embryos in agarose was 
modified from diat used by WiUadsen (1979) 
for micromanipulated ovine embryos prior to 
culture in the ligated oviducts of sheep. 
Because recovery rates of nonembedded em- 
bryos from die chick embryo amnion were 
typically less dian S0% during a preliminaiy 
study, agarose-embedding was used in the 
present experiment in an attempt to increase 
embryo recovery rates. Low-melting-point, 
electroi^oresis-grade agarose (Catalog No. 
SS17UA, Bediesda Research Laboratories, 
Gathersburg, MD) was added to 1 mL of 
sterile Dulbecco*s phosphate-buffered saline 
(PBS: Gibco, Grand Island, NY) (pH 7.2, 270 
mOsm) at a concentration of 1.5% and 
dissolved by warming to 7S C for 10 min. 
Dissolved agarose was filtered through a .2- 
^m acrodisc and cooled to SO C, dien 10 fiL of 
an antibiotic-antimycotic solution containing 
100 units of penicillin, 100 ^g of streptomy- 
cin, and .25 ^g of amphotericin-B (Gibco, 
Grand Island, NY) was added. The agarose 
solution was maintained in a water bath at 50 
C. 

Immediately prior to embedding, a 
50-^L drop of agarose was pipetted into a 
sterile petri dish and moved to a wanning hood 
where the embryos were held in one of either 
two media at 35 C: 1) N-2-hydroxyediyl- 
piperazine-N'-2-edianesulfonic acid (HEPES)- 
buffered Whitten*s medium (murine embryos); 
or 2) a PBS holding medium (bovine and 
cipine embryos). One to four emtoyos were 
transfened to each 50*^L agarose droplet As 
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Add Aspirate embryos Allow agarose 

embryos into injection to solidify at 

pipette 20-23 C 



FIGURE 1. Procedure using a beveled, injectioo 
pipette for agarose-embcdding of oiammalian embryos. 



the emtayos were added, the droplets were 
stirred to dilute the holding medium in the 
agarose. The embryos in the agarose solution 
were then as{»rated into a beveled glass pipette 
(200 ^m, inside diameter) and cooled to 2S C 
for 1 min to allow the agarose to gel (Figure 
1). 

Pipettes were prepared by heating borosili- 
cate, glass capillary mbes [1 mm, outside 
diameter (o.d.)] over a microbumer and draw- 
ing them out to an o.d. of 2S0 )im. The 
pipettes were beveled on a microgrinder at an 
angle of 4S* to enable a controlled puncture of 
the chick amniotic membrane. An in vitro 
chick embryo at die appropriate developmental 
stage for injection (96 h of incubation) was 
removed from the incubator as the agarose 
began to congeal. The lid was removed from 
the bowl containing the shell-less, chick 
embryo under a warming hood; and the 
amniotic membrane was visualized (10 power) 
using a Zeiss stereomicroscope (Model 
Thomwood, NY) equipped with an overhead 
light source. The amniotic membrane was 
manually pierced using the beveled fripette 
containing agarose-embedded embryos* When 
the amniotic memtnwe had been punctured, 
the embedded embryos were expeUed from the 
pipette; and the pipette was carefully with- 
drawn (Figure 2). After introducing the embed- 
ded embryos into the amniotic cavity, the in 
vitro chick embryos were incubated an addi- 
tional 72 to 96 h at 37 C in an atmosphere of 
2% CX)2 in air. 

Mammalian Embryo Recovery, The in vitro 
chick emteyos were individually removed 




FIGURE 2. PlQoediuc for placing nuounalian embryos 
in the chick-embryo amniotic cavity. Pcaetratkm of 
96-h chick amnioo witb a beveled iiyecdoo pipetfie (A) and 
removal of the pipetse foUowiog injectioD of i^garose- 
embedded mammaUao embryos (B). 



from incubation after 72 h of mammalian 
embryo (murine) coculture, and the jdaistic lids 
were removed. The posterior pcmion of the 
chorioaUantoic membrane was carefully lifted 
and drawn antericKly over die chide embryo. A 
sterile, plastic qmn was then used to gently 
lift tte chick and anuiimi from the rest of die 
egg contents. Extra embryonic membranes 
were trinmied away using a pair of surgical 
scisscm. Next, the amnion containing the chide 
embryo was placed in a sterile petri dish and 
rinsed twice vridi S mL of die PBS solution 
widi 1% heat-tieaied fetal bovine seium (FBS) 
and 1% Giboo antibiotic*antimycotic solution 
(Ab-Am). After rinsing, 5 mL of die PBS 
solution was ogain added to the chick embryo; 
and the peiri dish was moved to a siereonucro- 
scope. Agarose cylinders containing die mam- 
malian embryos could be seen widiin die 
annniotic cavity by using a stereomicroscope at 
10-power magnification. The agarose cylinder 
was removed from the amniotic cavity by 
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using two hypodeimic needles (22-gauge, 
beveled) to manually make a small opening (1 
to 2 mm) in the amniotic memtoane near the 
agarose cylinder. The escqnng amniotic fluids 
then carried the agarose cylinder out into the 
sunouncfing PBS medium. When the agarose 
cylinder settled in the petri dish, the mamma- 
lian embryos were car^idly extracted isom the 
agarose using the same two hypodermic 
needles. The embryos were then rinsed in the 
PBS holding medium priOT to furdier culture. 

Experimenkil Design. E>onor mice (21<day 
C57/I and Fi SJL/J x C57 females) were 
superovulated with 5 lU of inegnant mare 
serum gonadotropin, followed at 48 h with 5 
lU of human chorionic gonadotropin (hCG) 
and {daced with either CS7 or SJL/J males. 
The Fi females were crossed back to SJL/J 
males since SJL/J embtyos characteristically 
show a two-cell, in vitro developmental block. 
The cumulus cells wm removed firom the 
embvyos (collected 26 h afl^ HCX}) by 
treatment with ISO lU/mL of hyaluronidase in 
HEPES-buffeied Whitten's medium (Whitten 
and Biggers, 1968). 

Tlie emteyos were evaluated for the pres- 
ence of pnmuclei, then randomly and equally 
allotted l»y parental strain to the treatment 
group or the control group. The embryos in 
Treatment 1 were embedded in agarose cylin* 
ders and injected into the amniotic cavity of a 
chidden emiHyo that had been incubated for 96 
h. Following injection, the culture system was 
placed in a 37 C incubator containing 2% CO2 
in air. The control embiyos (Treatment 2) were 
cultured in Whitten*s medium with 1% Ab-Am 
in a 5% COi incubator at 37 C After 72 h of 
culture, the agarose cylinders were recovered 
from the chick amniotic cavity, and the 
embryos (late morula*to-blastocyst stage) were 
carofully removed from each cylinder. Em- 
toyos from Treatments 1 and 2 wete then 
placed in Ham*s F-10 medium (Gibco, (}fand 
Island* NY) widi 10% FBS and 1% Ab-Am 
(HF-10) and were cultured at 37 C in an 
atmosphere of S% COi in air for an additional 
48 h to evaluate in vitro development 

Typically, some shell-less chick emtoyos 
maintained in incubation will not remain 
viable (Rowlett and Sinddss, 1987). So, like- 
quality, pronuciear mouse embfyos (collected 
from conesponding donor females) were used 
to replace the embryos lost if chick embryo 
mortality occuned during the coculture period 
in Treatment 1. Likewise, if die individual 



culture wells used for the medium-a'ly group 
(Treatment 2) became contaminated, v^mbryos 
of similar quality were used for replacement 
This was done to evaluate the growtk^ and 
development of the mammalian embt/os 
across functional culture systems. 

Precompaction-stage bovine morulae (8 tt 
16 cells) were nonsurgically collected from 
superovidated, crossbred, beef donor catde on 
Days 5 or 6 postmating (the onset of estrus 
equals Day 0 of die estrous cycle). Bovine 
embryos were randomly allotted by embryo 
quality grade and donor female either to die 
chick mbiyo coculture or die HF-10 culture 
(control). Embryos cocultured widi chick em- 
bryos were agarose-embedded and were in- 
jected into the chick amnion, the same as with 
murine embryos. (See die previous descrip- 
tion.) After 72 h in die chick amniotic caviar, 
die embryos were placed in die HF-10 medium 
for furdier culture. Ooat embryos (2 to 8 cells) 
were surgically collected from the oviducts of 
superovulated does 36 h postestrus and were 
cocultured with chick embryos in two further 
studies. 

In the first experiment, the 72-h chick- 
embryo coculture was compared with the HF- 
10 culture (control). In the second experiment 
die duration of the chick^mbryo ooctdture was 
increased to 96 h and was compared widi die 
HF-10 culture (control). In each case, bovine 
and csqpiine embryos were further cultured in 
HF-10 foUowing recovery from die chick 
amnion to evaluate in vitro development. 

Statistical Analysis. A chi*square analysis 
was used to compare the mean number of 
mammalian embryos with complete blas- 
toooele-cavity development (expanded blasto- 
cyst) and die mean number of embryos 
emerging from an opening in die zona 
pellucida (hatching blastocyst) between treat- 
ment groups (Treatments 1 and 2) during and 
following culture. 

RESULTS 

Of die 100» pronuciear mouse embryos 
embedded and placed in the amniotic cavities 
of chick embryos* 84% were successfully 
recovered for culture in die HF-10 medium. 
The loss of embryos eidier occurred during die 
recovery process or was due to chidc«embryo 
mortality. Five of die 35 chick embryos (14%) 
originally injected did not survive shell-less 
incubation, accounting for die majority of die 
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TABLE L Th£ number and percentage cf murine blastocym that developed 
foUowHtg culture in the chidHsmnicn or Whitten's control medium 



Psrcaul 
scrain 


Trcauncat 


(n) 


blastocysts 


Hatching 
blastocysts 








(0) 


(%) 


(n) (%) 


C57/J X C57/J 

Fi (SSUJ X C57) 
xSJUl 


I 

2 (contiol) 
I 

2 (cootiol) 


42 
42 

42 
42 


38 
33 

39 
IS 


90 
78 
93A 

36P 


24 57A 
11 26^ 

27 64^ 
4 10^ 



^Valiws within columns ami strains with no commoo supasaipts were dififei«at (PcOl). 



emteyo loss. Chick-embryo mortality tended 
to be distributed evenly over die 72^h culture 
period. Sixteen eminyos were replaced in 
Tieatment 1 in order to maintain an equal 
number of embryos for culture comparisons 
across experimental groups. Since no culture 
wells were contaminated during incubation, no 
emtoyos in Treatment 2 woe replaced. 

Overall, significantly more hatched blasto- 
cysts lesulted from mouse embryos cultured in 
the chick-embryo culture system both within 
strains of mice and ovendl for die treatments, 
compared widi those from die control culture 
system (P<.01) (Table 1). 

In die {msent study, more hatched blasto- 
cysts were obtained from both strains of mouse 
embryos when cultured for 72 h in the chick- 
embryo amnion (Treatment 1) than ftom diose 
hatched by the control embryos (Treatment 2). 
For Treatment 1, die comparative data were 
57% (24/42) and 64% (27/42), respectively, 
hatched among C57 x C57 and Fi (SJL/J x 
C57) X SJUJ embryos; for Treatment 2, 26% 
(11/42) and 10% (4/42), respectively. 

There was no significant diffioenoe in the 
number of expanded blastocysts in culture 
obtained by using die CS7/J embryos: 90% 
(38/42) of die chick-embryo treatment (Treat- 
ment 1) were expanded; 78% (33/42) of die 
WhittenVmedium treatment (Treatment 2) 
were expanded. Among the Fi (SJL/J x CS7) x 
SJL/J embryos, however, significantiy more 
expanded blastocysts were obtained Yyy using 
die chick-emlnyo coculture: 93% (39/42) of 
those in Treatment 1 (chidc-embryo treatment) 
were expanded, compared with 36% (15/42) of 
diose in lYeatment 2 (Whitten*s control medi- 
um). 

Among the bovine precompaction-stage 
morulae, there were significantiy more ex- 
panded and hatching blastocysts in die chick- 
emlffyo treatment versus the HF*10 treatment: 
80% (16/20) expanded and 35% (7/20) hatch- 



ing blastocysts with the chick-embryo treat- 
ment, compmed witii 15% (3/20) and 0% (0/ 
20) with die HF-10 (control) treatment 

The goat embryos (2 to 8 cells) cocultured 
ui the diidc anuiiotic cavity also reached die 
e^qnnded and hatdiing blastocyst stage in 
significantiy greater numbos dian did die 
embryos cultured in the HF-10 medium alone. 
None of die oviductal*stage goat emtayos 
(Experiment 1 equals 0/20, Eqteriment 2 
equals 0/22) developed into Uastocysts in die 
control cultme medium alone. However, 70% 
(14/20) reached die expanded blastocyst sta^, 
and 55% (11/20) hatched when cocultured 
witii chick emtnyos for 72 h (E^qieriment 1). 
At 96 h of chidc-embryo coculture (E^)eri- 
ment 2), 86% (19/22) of die embryos reached 
die expanded blastocyst stag^ and 82% (18/22) 
hatched during the in vitro culture interval. 

DISCUSSION 

The results obtained indicated that fsxxms 
present in the amniotic cavity of develcqnng 
chick embryos are capable of supporting die 
growdi of early murine embryos. Since die 
Uving diick embryo actively regulates die pH, 
osmobuity, and Oi content of its own environ- 
ment, diis may make it a more stable 
physiological system for mammalian embryo 
development than that provided Iqf tiie exist- 
ing, Ut vitro embryo culture systems, fa 
addition, the active syndiesis of growth fiictors 
associated widi die chick emtayo may provide 
a stimulus to growth and development not 
obtainable from conventional culture systems 
that require siq^plementation widi active serum 
or other growdi foctors. 

The growdi fiictors associated widi die 
highly regulated mechanisms of eariy chick- 
embryo development may also prove to be 
more consistent in dieir growdi-promoting 
effects duui diose found in processed mamma- 
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lian senim. Siraid and Lambert (1985) have 
shown that identically prepared hatches of 
bovine senun from different animals produced 
different results in terms of their ability to 
promote die cleavage of four-cell bovine 
embryos. IXffierent batdies of bovine serum 
albumin (BSA) from the same supplier have 
also been shown to have different growth 
promoting eSfects on mammalian embryos in 
vitro, Kane (1983) has reported that rabbit 
mondae cultured to the blastocyst stage in a 
medium sqpplemented with 1^% BSA from 
one batch had more than twice as many cells 
as monilae cultured in the same medium 
supplemented with a different batch of BSA. 

Water purity has been shown to be critical 
for die maintenance of embryo viability in 
vitro. Whittingham (1977) reported that three- 
times glass distilled water was necessary for a 
high rate of blastocyst formation from two-cell 
murine embryos. Abramczuk et al, (1977) 
showed a beneficial effect on die culnire of 
one-cdl murine embryos when EDTA as a 
chelating agent was added to the culture 
medium. These results suggest diat even trace 
inqiurities can greatly impede the normal 
development of marrunaiian embryos in cul- 
ture. 

Gianaroli et al. (1986) considered human 
^amniotic fluid to be an ^ropriate embryo 
culture medium since it is an ultrafiltrate 
produced in contact with die developing 
human fetus. likewise, chick*«mbryo amniotic 
fluid may be an ultrafiltrate of die avian egg. If 
so» embryotoxic impurities may be absorbed 
and filtered by the egg membranes and chick 
tissues befim reaching die amniotic fluid. 

Hie shell-less, chick*embryo cultures in dus 
study were maintained in an atmoqihere of 2% 
CO2, as described by Dunn and Boone (1976). 
More recent woric involving die in vitro culture 
of shell-less chick embryos in die authors* 
laboratory indicates that ncmnal development 
is possible at lower concentrations of C5p2 tn 
atmo^heric air. Rowlett and Simkiss (1987) 
have successfully "hatched" chicks cultiued in 
atmospheric air repladng the plastic bowl 
witfi a surrogate eggshell. The qiparent ability 
of the in vitro chick embryo to grow in a 
warm, jnoist atmosphere that does not require 
careful monitoring of CO2 concentrations may 
nudoe chick-embryo coculture a viable option 
in situations where CO2 incubators are not 
availaMe. 

bi die present experiment, embryos were 
not recovered frtmi chicks that died during the 



coculture interval. In previous trials, a nqnd 
degeneration of mammalian embry Os occurred 
following chick embfyo death. At present, the 
inherent mortally of developing chick em- 
bryos is die primary drawback to using diis 
procedure. The hatchabili^ of intact, fertile 
chicken eggs during incubation has been 
rqxirted to be 90%, with embryo mortality 
peaking at Days 3 and 18 of incubation 
(Guilbert, 1974). Correspondingly, Rowlett 
and Simkiss (1987) have previously reported a 
27% loss of chick emteyos between Days 4 
and 7 when 362 shell-less, chick embryos were 
maintained in incubation. 

In die present study, the mortality of chick 
emtnyos was 14%. This loss may be due, in 
part, to the manipulations associated with 
shell-less, chick-embryo culture. Aldiough the 
exact cause of mammalian embryo death in the 
present experiment is not known, the decline in 
the viability of mammalian embryos noted 
after chick-embryo deadi does suggest that 
there was a high rate of transfer across the 
agarose cylinder containing the mammalian 
embryos. The frequent amniotic contractions 
observed in die healdiy chick embryo (Roman- 
off, 1952) may have promoted an even 
distribution of nutrients, growth factors, and 
dissolved oxy^n within the amniotic fluids 
surrounding die agarose cylinder. 

The duration of chick-emtoyo coculture was 
limited to 72 h in the murine and bovine 
experiments in order to remove the mamma- 
lian embryos from the agarose cylinder before 
die hatching blastocyst stage. However, when 
the coculture was extended to 96 h for the 
eariy-stage caprine embryos, high CTibryo 
recovery rates (>90%) resulted. Even longer 
coculnire intervals may be possible. Placing 
embryos in die amnion prior to Day 4 of 
incubation nmy not be feasible due to the fact 
that the chorioamruotic folds of the chick 
embryo are not closed until then. However, 
coculnire begun at Day 4 probably can be 
continued well in excess of 96 h. Unfertilized 
ova have been agarose-embedded and injected 
into die amnion of 96-h chick embryos in 
order to test die feasibility of longer coculture 
periods. Sucoessfrd recovery of diese ova was 
possible after 120 h in die chick amniotic 
cavity. In dieory, die use of die amniotic cavity 
as a culture vessel could continue until Day 11 
or 12, when die chick begins to ingest die 
amniotic fluid. The practicali^ of recovery and 
the characteristics of the amniotic environment 
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need to be evaluated during these latter stages 
of embryo development 

The ability to consistendy fertilize bovine 
emtoyos in vitro would allow researchers to 
obtain laige numbers of early embryos from 
slaughterhouse ovaries. These emtayos could 
dien be used in gene-transfer procedures 
(Hanuner et al, 1985) and emtaryonic-cloning 
techniques (WUladsen* 1986; Robl et al.. 
1987). Such procedures and techniques require 
embiyos at a very early stage of dieir 
development. However, those same embiyos 
would not be considered good candidates for 
immediate transfer since acceptable pregnancy 
rates following embryo transfers in cattle 
occurs only when die embryos had reached die 
morula and blastocyst stages of developnent 
(Schneider et at,, 1980; Massey and Oden. 
1984; Hasler et al., 1987). If early-stage 
embryos could then be cultured to a stage 
(morulae and blastocysts) which allowed diem 
to be transferred nonsurgically to recipient 
femaies, significant gain could be made. 

Currendy. die loss of viability associated 
with the long-term, in vitro culture of early- 
stage embryos represents a weak link in this 
scenario. Consequendy, as die in vitro fertil- • 
ization of bovine embryos becomes more 
rcpeatable (Lu et al., 1987, 1988), die need to 
culture early-stage emlwyos should increase 
markedly in the near future. If the unique, 
chick-embryo culture system developed in die 
{loresent experiment were to prove to be at least 
as effective as in vivo culture in die ligated 
oviducts of sheep, die relative ease of chick- 
embryo coculture would make it an invaluable 
tool for research and for commercial applica- 
tions. 

ACKNOWLEDGMENTS 

The audiors would like to thank the staff 
members at the Poultry Science Research Farm 
near the campus of Louisiana State University 
for taking die extra effort to make sure diat 
fresh, fertilized chicken eggs were always 
available for die preparation of the chick- 
emteyo, shell-less culture system. Widiout diat 
assistance, die present research could not have 
been completed successfully. 

REFERENCES 

Abramczuk, J.. D. Solter. and H. Koprowski. 1977. The 
beneftcial eHect of EOTA on developcsem of mouse 



onc-oeU embfyos to dicinkally defined medium. Dev. 
Bid. 61:378-383. 
BaU. G. D.. B. W. Amesoo. D. V. Aaker. and A. R Bcnda. 
\9%%, Human amniotic fluid as a culture medium for 
2-cell muriiK embiyos. Biol. Reprod. 38(Suppl. 1):71. 
(Absff.) 

Camous, S., Y. Heyman, W. Meziou. and Y. Menezo, 1984. 
Qeavage beyond block suge and survival after trans- 
fer of eady bovine embcyos cultured with nofiioblJBtic 
vesicles. J. Rqncd. Fenil. 72:497-48S. 

Cand, A.. 1913. Artificial activaiioD of die grofwth in vitro 
of comMCtive tissue. J. Exp. Med. 17:14-19. 

Cde. R. I., and J. Paul, 1965. Pkc^erties of cultured prdm- 
plantation mouse and rabbit embryos and cell strains 
developed firom diem. Pftges 82-153 im Mmitear 
tion Stages of Ptegoancy. G£.W. Wolstenboume and 
M. O'Cooner, ed. Little, Brown & Oo^ Boston, MA. 

Dunn, B.. 1974. Technique sheU-less culture of the 
72-hour avian embryo. Poultry Sd. 53:409-412. 

Dunn, B. E, and M A. Boooe, 1976. Growtfi of the chick 
embryo in vUro, Poultry Sd. 55:1067-1071. 

Gianaroli, L.. R Seracchioli, A. P. Fenarttti, A. Traunson. 
C. Flamigtti, and L. Bovicelli. 1986. The successful use 
of human enmiotic fluid for mouse embryo culture and 
human in vUro fertilization. «mhryo cvltum, and trans- 
fer. RnU. Steril. 46:907-4^13. 

Guilben, A. B., 1974. Reproductive cycles: Poultry. Pages 
301-323 in: Repcoductton m Farm Animals. ES£. 
Hafez, ed. Lea and Febiger, Philadelphia. PA. 

Hammer. R. E. V. G. Pursd. C. E Rexroad, Jr., R. J. Wall, 
K. J. Bdt. K. M Ebert. R. D. PAhniter, and R. L. 
Brinster. 1985. Pioduction of transgenic nbbits, sheq> 
and pigs by microinjection. Natuie 315:680-683. 

Hasler. J. F., A. D. McCauley, W, F, Lathrop. and R. H. 
F6ote, 1987. Efliect of donor-embfyo^ectpiem hiterac- 
ti<ms on pregnancy rate ta& a large-scale bovine embq^ 
transfer program. Tberiogcnology 27:13^168. 

Heyman. Y.. Y. Menczo, P. C3iesac. S. Camus, and V. 
Gamier. 1987. In vitro cleav«ge of bovine and ovine 
early embiyos: Improved development ushig oo-cul- 
ture with trof^koblastic vesicles. Theriogenology 27: 
59^-68. 

Kane. M. T.. 1983. Variability in different lotsof comnwr- 
cial bovine serum albuniin affects cell muliiplicatkm 
and hatchii^ of rabbit blastocysts in culuue. J. Rcpiod. 
Fertil. 69:555-558. 

Kuzan. F. B., and R. W. Wright, Jr., 1982. Observadoos on 
the devdopmem of bovine monilae on variotts cellular 
and noQceUular subairata. J. Anim. ScL 54:811-816. 

Lu. K. H., I. Gordon, M GaUagber, and H. McGovem, 1987. 
Piegnancy e^lished hi cattle by transfer of eoBb^ros 
derived from in vifw fertilizatian of oocytes manirtd in 
vitro. Vet Rec. 121:259-260. 

U, K. H., I. Gonfcm, and H. McGovem, 1988. Devdopmem 
in vitro of bovme monilae derived from in vitro 
fertilization (IVF) of follicdar oocytes matured in 
vitro. Ptoc. nth tot CJoof. Anim. Rqxod. Artif. 
Insemin. 1:341-343. 

Massey, i. M. and A. J. Oden, 1984. No seasonal effect ^ 
embryo donor perfonnaoce hi the Southwest regico of 

the USA. Tberiogenology 21:196-217. 

New. D.A.T., and K. R Sldn, 1964. Cultivation of posi- 
tmplMitariffn and Bit embryos on plasma clots. J. 
Embiyol Eap. Morphol. 12:101-111. 

Pool. S. a. R. W. Rorie. R. J. Pendleton. A. R. Mcdno. and 
R. A. Godke, 1988. Culture of eariy-stage bovine 
embfyos inside day- 1 3 and di^ 14 picaittured trophth 
blastic vesides. Ann. NY Acad. Scl. 541:407-418. 

RoM, J. M, R. Prathcr. F. Barnes, W. Ey«tt»e, D, Noithy, 



1702 



BLAKEWOOD £T AL, 



B. Gilligan. and N. L. Firel, 1987. Nuclear uanq»laDta- 

tkm in bovine embryos. J. Anim. Scil 64:642-647. 
Roaunoff. A. U. 1952. Membrane growth and funcdon. 

Ana NY Acal Sci. 53:288-301. 
Rowlea. K., and K. Stmkiss. 1987. Explamed cmbfyo 

cdtiiie: In vitro taAinovo techniques far domestic 

fowl. Br. IVwh. Sci. 28:91-101. 
Schneider. Jr.. H. J., R. S. CasUeberry. and J. L. Griffin, 

1980. Oo mn wc ia l aspects of bovine cmbiyo transfer. 

llierktgcnolQgy 13:73-85. 
Siraid, M A., and R. D. Lambert, 1985. //I v<m> fenilizaiion 

of bovine follicular oocytes obtained by laproscopy. 
Biol. Repfod. 33:487-494. 
Vodkel S. A..G. E Amborski. K. G. HiU, andR. A. Godkc, 
1985. Use of a uterine-cell nKmolayer culture system 



for miciomampulated bovine embryos. Thcriogcnol- 
ogy 24:271-281. 

Whitten, W. K., and J. D. Biggers, 1968. Cdmpletc develop- 
ment in vitro of the pce-implantaiion sta^ of the 
mouse in simple chemically defmed medium. J. Re- 
prod, fetil. 17:399-401. 

Willadsen, S. M.. 1979. A method tor culture of 
miciomanipulated sheep embryos and its use to pro- 
duce mimozygotic twins. Nature 277298. 

Willadsen, S. M, 1986. Nuclear transplantation in ^eep 
embryos. Nature 320:63-65. 

WiUmc^. a N., and F, Jacoby, 1936. Studies on the growth 
of tissues in vitro, J. Exp. Biol. 13:237-248. 

^ittin^iam, D. G., 1977. Culture of mouse ova. J. Reprod. 
Fdtil. l4(Supi)l.) :7-21. 



STIC-ILL 



^/^/. 



From: Wilson, Michael 

Sent: Wednesday, September 25, 2002 4:39 PIVI 

To: STIC-ILL 
Subject: 09/784575 

Sang and Perry, 1989, Mol. Reprod. Dev., Vol. 1, pg 98-106 

703-305-0120 



1 



MOLECULAR REPRODUCTION AND DEVELOPMENT 1:98-106 (1989) 



Episomal Keplication of Cloned DNA Injected Into 
the Fertilised Ovum of the Hen, Gallus domesticus 

HELEN SANG AND M.M. PERRY 

AFRC Institute of Animal Physiology and Genetics Research, Roslin, Midlothian, United Kingdom 



ABSTRACT We describe preliminary ex- 
periments to analyse the fate of cloned DNA 
microiniected into the cytoplasm of the chick ferti- 
lised ovum. The reporter gene construct pRSVcot 
was injected into the germinal disc before the first 
cleavage division, and the chick embryos were 
cultured for up to 7 days using the method of Perry 
(Nature 331:70-72, 1988). Linear plasmid mole- 
cules ligated rapidly after injection to form high- 
molecular-weigtit DNA molecules consisting 
mainly of random concatemers of the injected 
plasmid. Recombination involving circular mole- 
cules resulted in head-to-tail multimers of the pla- 
smid. Some of the DNA was lost after injection, but 
the remainder was replicated approximately 20- 
fold during the first 24 h of development. Between 
days 1 and 7 in culture, the DNA was gradually lost 
and diluted out as the embryos developed. By day 
7 in culture plasmid DNA was detectable in only 
30% of the cultures analysed. No evidence for 
chromosomal integration of the exogenous DNA 
was obtained, suggesting that the plasmid DNA 
persisted episomally. Expression of the reporter 
gene construct pRSVcat was detected in day 2 and 
day 7 embryos. 

Key Words: Concatemers, Ligation, pRSVcat, Re- 
combination 



INTRODUCTION 

Injection of cloned DNA into ova or early embryos 
has been exploited in many systems to examine expres- 
sion from the exogenous DNA or as a method to 
produce transgenic animals, with copies of cloned DNA 
stably integrated into the genome. In mammals the 
method of choice is to iryect DNA directly into the 
pronucleus of the fertilised eggs. In mice this results in 
10-15% transgenic animals among embryos surviving 
to term. The rate of production of transgenic mice is at 
least 10-fold lower if DNA is injected into the cyto- 
plasm of the fertilised ovum (Brinster et al., 1985). 

In species with large, yolky eggs, e.g., Xenopus, sea 
urchins, and fish, DNA iiyected into the cytoplasm can 
result in the production of transgenic animals but 



usually results in short-term episomal replication and 
persistence of the injected DNA. In Xenopus, injected 
DNA remains extrachromosomal during early cleav- 
age stages. It is replicated up to blastula stage and then 
is gradually lost (Bendig, 1981; Rusconi and Schaffner, 
1981). Germ line transmission of injected DNA by an 
adult male frog has been demonstrated by Etkin and 
Pearman (1987). In the sea urchin, cloned DNA in- 
jected into eggs, followed by fertilisation, replicates 
repeatedly during early development (McMahon et al,. 
1985). Genomic integration of the cloned DNA has 
been observed (Flytzanis et al, 1985). Recent reports 
suggest that microinjection of DNA into fish oocyte 
cytoplasm can result in germ line transmission of the 
exogenous DNA (Chourrout et aL, 1988). 

In Gallus domesticus, efforts to develop a method to 
produce transgenic poultry, showing stable germ line 
transmission of inserted cloned genes, have concen- 
trated on the use of retroviral vectors because injection 
of DNA at the single-cell stage was considered to be 
prohibitively difficult (Freeman and Messer, 1985). 
Manipulation of the chick zygote has been made possi- 
ble by the development of a culture system for the chick 
fertilised ovum, described by Perry (1988). The ovum, 
which is the equivalent of the yolk in the laid egg, is 
fertilised shortly after ovulation. The male and female 
pronuclei are located in the germinal disc, the easily 
identifiable white spot lying on the surface of the 
yellow yolk. Fertilisation in birds is polyspermia, re- 
sulting in the presence of several morphologically 
identical paternal nuclei in the germinal disc (Perry, 
1987). Direct injection of DNA into the pronuclei is 
impossible because they are masked by yolk spheres 
and because those destined to form the zygote nucleus 
cannot be distinguished from the supernumerary pro- 
nuclei. Here we describe preliminary experiments to 
investigate the results of injecting DNA into the chick 
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germinal disc. The fate of cloned DNA injected at the 
single-cell stage followed by up to 7 days of embryo 
culture is analysed. 

MATERIALS AND METHODS 
Microii^jection and Culture of Fertilised Ova 

Hens of a commercial laying strain (Isa brown) at 
28-32 weeks of age were artificially inseminated from 
Rhode Island red cockerels at weekly intervals. The 
hens were killed with sodium pentobarbitone (i.v.) 
(Expiral, Ceva Ltd) at 3 hr after oviposition. At this 
time the next ovum is usually located in the midposte- 
rior region of the magnum, and the pronuclei are 
swelling in preparation for syngamy some 15-60 min 
later (Perry, 1987). The ovum, encased in albumen, 
was removed from the oviduct and placed in a glass 
vessel with culture medium. Infertile ova, 24 hr post- 
ovulation, were obtained from laid eggs for one exper- 
iment. 

DNA (1-5 nl, at concentrations of 10, 25, or 50 jxg/ml 
in distilled water) or distilled water (1-5 nl) was 
injected into the cytoplasm near the centre of the 
germinal disc and at a depth of 150-200 |xm beneath 
the vitelline membrane. The micropipettes were drawn 
from 1.5 mm capillary tubing with a pipette puller to 
produce uniformly tapered shafts 5.0 mm in length. 
The tips were bevelled down to a diameter of 10 \xm. 
The shafts were calibrated at distances of 150-200 
and 2.0-2.5 mm from the tips to determine the depth of 
penetration into the cytoplasm and the volume of 
medium, respectively. The micropipettes, one per injec- 
tion, were connected to a 10 ml syringe with air-filled 
tubing (5 mm diameter) and were held in a microma- 
nipulator (Microelectrode Implantation Unit, Research 
Instruments Ltd, Penryn, UK). They were loaded from 
the tip by capillarity and inserted through the albumen 
capsule and tough vitelline membrane into the germi- 
nal disc, with a final adjustment in position to display 
the lower calibration mark. 

The manipulated embryos were cultured in sealed 
glass vessels (system I) for 24 hr at 42° C, then trans- 
ferred to recipient egg shells (system II) for culture at 
38"* C over the following 6 days of development as 
described by Perry (1988). After 2 hr of incubation, the 
embryos had reached the 2-16-cell stage. At later 
times, the embryos were staged according to Ham- 
burger and Hamilton's table of chick development 
(1951). The 24 hr cultures correspond to stage 1. 
Embryos for DNA analysis were taken at 24 hr inter- 
vals between 2 hr and 7 days of incubation. They were 
dissected from the yolk, rinsed in Dulbecco's phos- 
phate-buffered saline without Ca^^ or Mg^", and 
stored at -80° C until required. For the younger cul- 
tures, up to 3 days of incubation, each embryo was 
taken as a single sample, or it was divided transversely 
into two samples. For older cultures, the embryo was 
divided into head, trunk and two separate samples of 
vascular extraembryonic membrane. 



Plasmid DNA and Chloramphenicol 
Acetyltransferase (CAT) Assays 

The plasmid pRSVcat (Gorman et ah, 1982a) was 
provided by Dr. B. Howard. It contains the bacterial 
gene CAT coding sequences under control of the Rous 
sarcoma virus (RSV) long terminal repeat (LTR) pro- 
moter. CAT enzyme activity assays were performed as 
described by Gorman et al. (1982b). Tissue samples 
were disrupted by three freeze-thaw cycles in 200 yA of 
0.25 M Tris HCl, pH 7.8, and 50 fil of extract was 
assayed for activity using ^'^C-chloramphenicol. The 
results were analysed on silica gel thin-layer plates 
run with chloroform-methanol 95:5. 

DNA Extraction and Southern 
Transfer Experiments 

Embryo and blastoderm tissue samples were homo- 
genised in 300 (xl of urea lysis buffer (8 M urea, 0.35 M 
NaCl, 10 mM Tris HCl, pH 8, 10 mM EDTA); 10% 
Na-lauryl sarcosine solution was added to give a con- 
centration of 1%, and the homogenate was incubated at 
60° C for 1 hr. The homogenate was extracted twice 
with an equal volume of phenol (equilibrated with 10 
mM Tris HCl, pH 7.4)/chloroform (1:1), and twice with 
an equal volume of chloroform. The total nucleic acid 
was precipitated with ethanol and redissolved in TE 
(10 mM Tris-HCl, pH 7.4, 1 mM EDTA). The nucleic 
acid was precipitated a second time and the dried pellet 
was redissolved in TE at 55° C overnight. 

Restriction digestion of DNA was carried out accord- 
ing to manufacturers specifications. Submerged aga- 
rose gels were run in Tris acetate buffer (40 mM Tris, 
20 mM Na acetate, 1 mM EDTA, pH 8.2) at -1 V/cm. 
The DNA was transferred to nitrocellulose using the 
modification by Smith and Summers (1980) of the 
method of Southern (1975). Nick translated (Rigby et 
al., 1977) pRSVcat or the plasmid vector pUC9 was 
used as probe. Hind Ill-digested \ clss? DNA was used 
as size markers, and 5 pg of linearised pRSVcat was 
loaded as a control for the level of signal detection in 
autoradiography of the Southern transfers. Filters 
were hybridised with at least 2 x 10^ cpm labelled 
probe overnight at 37'' C in 50% formamide, 4 x SSC, 
0.1% sodium dodecyl sulphate (SDS), 10 x Denhardts, 
3% dextran sulphate. Following hybridisation, filters 
were washed in 2 x SSC, 0.1% SDS at room tempera- 
ture for 2 hr, then in 1 x SSC, 0.1% SDS at 37" C for 2 
hr. Filters were exposed to preflashed X-ray film for 1 
week. 

RESULTS 
Injection of DNA and Embryo Culture 

DNA (25-150 pg) was injected into the cytoplasm of 
the germinal disc --60 min before the first division of 
the zygote nucleus. Fertilised ova injected with water 
alone served as controls. The embryos were cultured for 
periods up to 7 days as described in Materials and 
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Fig. 1. A: Chick embryo (stage 29) from a fertilised ovum cultured 
in vitro for 1 day and in a recipient egg shell for 6.5 days. B: Chick 
embryo from a 6.5 day incubated egg. 

Methods. The survival rate of un injected embryos in 
culture is 60-70% at 7 days and zero at 8 days (Perry, 
1988), the most advanced embryos corresponding in 
developmental age to those obtained from 6.5 day 
incubated eggs (Fig. 1). The survival rate was reduced 
to 40% or less in the manipulated control and experi- 
mental embryos cultured for 4 to 7 days following 
injection (Table 1). The developmental age of the sur- 
viving embryos was variable, the most advanced reach- 
ing the expected stage for the period of culture. In the 
remaining cultures, there was either a malformed 
embryo or an extensive outgrowth of cellular blasto- 
derm or no evidence of growth. The material from the 
cultures incubated for longer than 4 days was retained 
for analysis only if the embryos appeared normal and 
were not grossly retarded. Preparations exhibiting 
abnormal development were also analysed from cul- 
tures incubated for less than 4 days. The procedure for 
each experiment listed in Table 2 was performed on a 
group of six to eight embryos at a time. 
The plasmid DNA used in these experiments was 



TABLE 1. Survival Rates of Chick Fertilised Ova 



Injected With pRSVeat and Incubated for 4-7 Days 





Number 


Number 






of ova 


of viable 


Percent 


Material irxjected 


iiyected 


embryos 


survival 


pRSVcat (BamH I) 10 jig/ml 


73 


32 


44 


pRSVcat (BamH I) 25 »ig/ml 


129 


48 


37 


pRSVcat (Nru I) 25 p-g/ml 


27 


7 


26 


Water 


34 


13 


38 



pRSVcat (Gorman et al., 1982a) (shown in Fig. 2). It 
can easily be detected after injection, because it con- 
tains sequences foreign to the chick genome, and the 
activity of the bacterial CAT gene can be assayed to 
detect expression of the injected DNA. The fate of the 
iiyected DNA was assayed by extraction of total nucleic 
acid from the cultured embryos and analysis in South- 
ern blotting experiments. Persistence of pRSVcat was 
detected by probing with labelled pRSVcat or, when 
analysing longer term cultures, with labelled plasmid 
vector only. pRSVcat contains sequences homologous 
to chick genomic sequences, which are detected when 
significant amounts of chicken DNA are present. . 

Linear DNA Is Ligated in Embryos After 
Ii^ection 

Ova were injected with pRSVcat linearised at the 
single BamH I site (Fig. 2A) and cultured for periods of 
2 hr to 7 days. The number of experimental and control 
embryos, the range in amount of DNA injected, and the 
developmental stages reached after the given culture 
periods are summarised in Table 2, experiments 1-9. 
Total DNA extracted from each culture was analysed 
on agarose gels either intact or digested with the 
restriction enzyme Hind III, which cuts pRSVcat once 
(Fig. 2A). 

Figure 3A shows the analysis of undigested DNA 
from infertile egg germinal discs, incubated for 2 hr at 
41° C after injection (Table 2, experiment 1). The 5 kb 
monomeric pRSVcat is still clearly present, but a 
ladder of bands in 5 kb steps up to at least 20 kb can 
also be seen. This suggests that the linear DNA ligated 
in the germinal disc to form larger molecules. Ferti- 
lised ova were cultured for 2 hr and 24 hr after 
injection (Table 2, experiments 2 and 3). After 2 hr, 
there was evidence of ligation of the pRSVcat linear 
molecules. Undigested DNA from 24 hr cultures 
showed hybridisation to the plasmid vector probe, 
mainly at the limiting mobility of the gel (Fig. 2B). 
This demonstrates incorporation of the injected DNA 
into high-molecular-weight DNA. Injected ova were 
cultured for further periods of 2-7 days (Table 2, 
experiments 4-9) and analysed as described above. 
Plasmid sequences detected in Southern transfers co- 
migrated with high-molecular-weight DNA (data not 
shown). 

DNA samples from experiments 1-9 (Table 2) were 
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TABLE 2. Summary of Experiments on the Ii^ection of pRSVcat Into Chick Fertilised Ova 



Culture No. of injected 
Experiment period cultures analysed 



Amount 
DNA injected (pg) 



Restriction digest of 
DNA 



Developmental 
stage" tissue^ 



1 
1 


1 hr 

£t 111 


10 


180-250 


o 




o 


70-150 


3 


24 hr 


13 


50-180 


4 


2 days 


5 


53-90 


5 


3 days 


6 


53-75 


6 


4 days 


8 


66-90 


7 


5 days 


8 


65-75 


8 


6 days 


23 


17.5-140 


9 


7 days 


38 


17.5-140 


10 


2hr 


10 


45-100 


11 


24 hr 


10 


36-75 


12 


7 days 


6 


12-45 


13 


2hr 


5 


75-90 


14 


26 hr 


5 


65-75 



BamH I 

BamHl 

BamH I 

BamHl 

BamHl 

BamHl 

BamH I 

BamHl 

BamHl 

Nrul 

Nru I 

Nrul 

Uncut monomers 
Uncut monomers 



Infertile egg/GD 

2-16 Cells/E 

St. 1/E or GD 

St. 3-4/E or B 

St. 10-13/E 

St. 13-17/E, EB, or B 

St. 18-24/E. EB 

St. 24-27/E, EB 

St. 27-29/E, EB 

2-32 Cells/E 

St. 1/E or GD 

St. 24-29/E, EB 

2-8 Cells/E 

St. 1/E or GD 



"Developmental stages according to Hamburger and HamiJton( 1951). . . ^ l c . 

''Gn, Kerminal disc (indicative of infertility or early failure of development); B, blastodermal tissue (indicative of impaired embryogenesis); h, embryo; bB, 

extraembryonic blastoderm. 



[A} 



pattern was seen in all samples in which the injected 
sequences were detected. 

B N H B These results indicate that injected DNA molecules 

^lipilj^^^ljjljjjlllglip^l^^ ^-^ l :.:.:.^:■:-:.^:o:■:o:o:.^v-: : : ^ -v-:-::v:•^:•^:-: j HgatC THpidly III Tandom OrientatiOD tO prOdUCC large 

gPj322 p. CAT concatemeric molecules of pRSVcat. If DNA from the 

I I ^'^^ cultured embryos is digested with BamH I, most of the 

°^ pRSVcat is reduced to the original 5 kb monomer (see 

[Y| Fig. 5). This demonstrates that the BamH I sites are 

regenerated by ligation of the complementary ends of 



H B H B 

I— ^ I— I 



H B 



the injected linear molecules, which presumably are 
not degraded before ligation occurs. 

Fertilised ova were also injected with pRSVcat linea- 
rised with the restriction enzyme Nru I, which gener- 
ates blunt ends (see Fig. 2A). Samples were cultured 
for 2 hr, 24 hr, and 7 days (Table 2, experiments 
10-12). The DNA extracted was analysed as described 
above. The results were essentially the same as when 
BamH I cut DNA was injected (data not shown). 
Blunt-ended DNA molecules, therefore, also rapidly 
ligate after injection into the germinal disc to form 
random concatemeric molecules. 



Fig. 2. A: Restriction map of pRSVcat showing restriction sites 
referred to in text and position of plasnud vector and insert sequences. 
B, BamH I; N, Nru I; H, Hind III. B: Possible orientations of pRSVcat 
linear molecules after random ligation. Hind III restriction fragment 
sizes are indicated. 



also analysed after Hind III digestion. The restriction 
fragment patterns generated, when samples from 2 hr 
cultures (experiment 2) were probed with pRSVcat, are 
shown in Figure 3C. Restriction fragments of 6.8, 5, 
and 3.4 kb were detected. The observed pattern can be 
generated if the BamH I-linearised pRSVcat molecules 
are ligated together in random orientation: Head-to- 
tail ligation vnW result in 5 kb .Hind III fragments, 
tail-to-tail ligation in 6.8 kb fragments, and head-to- 
head ligation in 3.4 kb fragments (Fig. 2B). This 



Circular Molecules Recombine After Injection 

A preparation of pRSVcat, mainly in monomeric, 
supercoiled circular form, was injected into fertilised 
ova, which were cultured for 2 and 26 hr (Table 2, 
experiments 13 and 14). Representative results of 
analysis of total DNA extracted from individual cul- 
tures, without digestion or after Hind III digestion, are 
shown in Figure 4. After 2 hr incubation, the plasmid 
was detected on gels as existing in relaxed circular 
form, presumably a result of nicking of the supercoiled 
DNA. The DNA is probably nicked during preparation 
of total nucleic acid from the embryos. Supercoiled 
plasmid DNA mixed with control embryo material 
before nucleic acid extraction is detected as relaxed 
circular molecules in the extract. After 26 hr, the 
plasmid was found as high-molecular-weight DNA, 
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- 20kb 

- 15 

- 10 

- 5 



23*13kb 




» -6-8kb 
5 

-3-2 



-2-32 



Fig. 3. A: DNA extracted from four infertile eggs after injection 
with BamH I-Hnearlsed pRSVcat into fertilised ova, probed with 
pUC9. B; DNA extracted from four embryos cultured for 24 hr after 
injection of BamH Minearised pRSVcat into fertilised ova, probed 



with pUCd. C: Hind III restriction digests of DNA extracted from 
embryos cultured for 2 hr after iiyection of BamH Minearised 
pRSVcat into fertilised ova, probed with pRSVcat. 



with a small proportion persisting as monomeric closed 
circles. Hind III digestion of both the 2 hr and 26 hr 
samples generated 5 kb linear molecules. This suggests 
that the high-molecular-weight molecules are gener- 
ated by recombination between circular molecules, 
resulting in head-to-tail concatemers. 

These observations led to reexamination of the re- 
sults of injecting linear pRSVcat. The autoradiograms 
of Hind III digests of DNA from 24 hr cultures, probed 
with pRSVcat, were analysed by scanning densito- 
metry. The amount of 5 kb fragment present was 
2-4.8-fold greater than would be expected were the 
concatemers produced only by random ligation of lin- 
ear molecules. Recombination between circular plas- 
mid molecules, either monomers or concatemers, could 
produce this excess of plasmid copies in head-to-tail 
orientation. 

Injected DNA Is Replicated and Persists 
During Embryogenesis 

The amount of pRSVcat present in cultures at differ- 
ent times after injection was estimated. Two samples 
were analysed from each time point between 2 hr and 
7 days (Table 2, experiments 2-9). A known volume of 



the total DNA from each sample was digested with 
BamH I, and the intensity of hybridisation to plasmid 
vector probe was compared to that of known amounts of 
pRSVcat run . on the same gel. The approximate 
amount of pRSVcat present in each culture was calcu- 
lated from this information and compared with the 
amount of DNA initially injected. After 2 hr incuba- 
tion, two to three times less pRSVcat was detected than 
was originally ii\jected, but, after 24 hr, 10-20 times as 
much pRSVcat was present. This indicates that ini- 
tially some of the plasmid DNA was lost but the 
remaining DNA was then replicated, possibly by as 
much as 50-fold. After 2 days of incubation, the amount 
of plasmid DNA detected began to decrease, and, by 
3-4 days in culture, the amount of pRSVcat present 
approximately equalled the amount that had been 
injected. Representative results are shown in Fig- 
ure 5. 

The plasmid was detected in all the embryos injected 
and cultured for 2 and 24 hr and in 80-90% of the 2, 3, 
and 4 day cultures. Between days 5 and 7 of incubation, 
the proportion of cultures with detectable amounts of 
pRSVcat decreased (Table 3). The level of detection in 
these experiments is below 5 pg of pRSVcat as deter- 
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2h 2h 24 h pRSVcat 

uncut Hindin uncut Hindlll uncut BamHl 

— — " I 




circular- 
linear - 



■ supercoils- 

Fig. 4. DNA extracted from embryos injected with mainly super- 
coiled pRSVcat followed by in vitro culture for 2 and 24 hr. Samples 

mined by a control of 5 pg of plasmid on each gel. By 7 
days, -30% of the cultures contained detectable 
amounts of plasmid, most commonly in the extraembry- 
onic blastoderm, less frequently in both embryo and 
blastoderm, and rarely in the embryo alone. 

No Evidence for Integration of Plasmid DNA 

Integration of the injected plasmid into the host 

j chromosomes would generate novel restriction frag- 

ments from the junctions between the plasmid DNA 
and chick genomic DNA. Sixty-one embryos injected 
with BamH I-linearised pRSVcat and cultured for 6 or 

i 7 days were analysed (Table 2, experiments 8 and 9). 

The autoradiograms of Southern transfer experiments 
of Hind III digests of total DNA were examined for the 

1 presence of hybridising restriction fragments of sizes 

other than those expected from self-ligation of the 
injected molecules. The probe used in these experi- 
ments was the plasmid vector sequence. Therefore, 

V only the junction between the vector region of pRSVcat 

(3.2 kb Hind lII-BamH I fragment; Fig. 2A) and 
genomic DNA would have been detected; 5 ^g of total 

j: DNA from each sample was digested, and the control 

sample of 5 pg of pRSVcat was visible on all autoradio- 
grams. The sensitivity of these experiments was ap- 



are shown unrestricted and restricted with Hind III and probed with 
pUC9. 

proximately one copy of pRSVcat in two to four cells. 
No junction fragments were detected. We conclude 
from these experiments that there is no evidence for 
integration of the plasmid DNA into the host genome. 
If integration occurred after the first or second mitotic 
divisions, a particular junction fragment would be 
present in only a proportion of the cells of an embryo 
and would not have been detected. 

Expression of the Reporter Gene 

CAT enzyme activity was assayed to determine qual- 
itatively if the sequences present on the injected DNA 
were expressed. Cultures were assayed 2, 6, and 7 days 
after injection. Seven embryos cultured for 48 hr, to the 
primitive-streak stage, were divided in half. One-half 
of each sample was assayed for CAT activity, and DNA 
extracted from the remaining material was analysed in 
Southern transfer experiments as before. The results of 
this experiment are shown in Figure 6. Plasmid DNA 
was present in all the samples, and CAT enzyme 
activity was also detected. Although this analysis was 
not quantitative, there was no obvious correlation 
between the amount of plasmid present and the level of 
enzyme activity. 

Samples of extraembryonic blastoderm, retained 
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Fig. 5. BamH I restriction digests of DNA extracted from embryos 
injected with ~50 pg of BamH I-lineared pRSVcat and cultured for 2 
hr or 1, 2, 3, 4, or 5 days; 15% of each DNA preparation was digested 



for each time point The day 4 and day 5 cultures were separated into 
embryo (E) and extraembryonic blastoderm (B) samples. The filter 
was probed with pUC9. 



TABLE 3. Detection of Plasmid Sequences in 5, 6, and 7 
Day Embryo Cultures 



Tissue 

± plasmid" 




Culture period (days) 




5d 


6d 


7d 


E-EB- 


2 


20 


27 


E^EB- 


1 


0 


0 


E-EB^ 


0 


2 


7 


E^EB^ 


5 


1 


4 


Total 


8 


23 


38 



"E, embr>*o; EB, extraembryonic blastoderm; 
plasmid sequences detected. 



no detectable plasmid; +, 



from day 6 and day 7 cultures (Table 2, experiments 8 
and 9), were assayed for CAT activity. Sixty-eight 
samples were analysed, and the enzyme activity was 
correlated with the presence or absence of detectable 
pRSVcat DNA; 51 samples had no detectable CAT 
activity or hybridisation of plasmid sequences, 11 had 
a low level of CAT activity and of plasmid DNA, three 
showed no enzyme activity but plasmid sequences were 
present, and three had a low level of enzyme activity 
but no detectable plasmid DNA. Although by day 7 in 
culture both the presence of pRSVcat DNA and the 
enzyme activity were barely detectable in these exper- 



iments, it is clear that the injected DNA could be 
expressed, 

DISCUSSION 

We have performed experiments to analyse the fate 
of cloned DNA injected into the cytoplasm of the chick 
fertilised ovum before the first cleavage division. After 
injection, linear DNA molecules ligated rapidly to form 
large random concatemeric molecules. Recombination 
involving circular molecules resulted in tandem copies 
of the injected plasmid in direct orientation. We ob- 
served replication of the injected DNA during the first 
24 hr of development, a period of rapid cell division 
leading to formation of a blastoderm comprising some 
60,000 cells. Over the subsequent days of incubation, 
the exogenous DNA was apparently diluted out and 
lost, although it was still detected in some cultures 
after 7 days. 

Within 24 hr of injection into the germinal disc, 
plasmid DNA was detected on gels as high-molecular- 
weight DNA. Incorporation of injected DNA into high- 
molecular-weight DNA has also been detected in Xe- 
nopus (Etkin et al., 1984), sea urchin (McMahon et al., 
1985), and trout (Chourrout et aL, 1986), These results 
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A 






1 234 56789 



B 



Control 1 2 3 

Pig. 6. A: Hind III digests of DNA prepared from half embryo 
samples injected with BamH I-linearised pRSVcat and cultured for 2 
days (1-7), uninjected control sample (8), and 5 pg pRSVcat control 



6 



8 



(9), probed with pRSVcat. B: CAT enzyme assays of the remaining 
samples from A, samples 1-8. Control sample 5 units of CAT (Phar- 
macia). 



have been interpreted as indicating incorporation of 
the plasmid into genomic DNA, but further evidence is 
required to support this suggestion. Chromosomal in- 
tegration of foreign DNA can be demonstrated by the 
presence of novel restriction fragments representing 



the junctions between the foreign DNA and genomic 
DNA. Novel restriction fragments could be generated 
by rearrangements within plasmid concatemers. Isola- 
tion of such restriction fragments and demonstration of 
the juxtaposition of foreign DNA and genomic se- 
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quences is conclusive evidence for integration. We have 
not detected any putative junction fragments in the 
relatively small number of samples analysed. They 
may also have been below the level of detection in the 
experiments described. Although v/e have yet to dem- 
onstrate chromosomal integration of DNA injected into 
the cytoplasm of chick fertilised ova, we have shown 
that such manipulations are possible. We intend to 
continue looking for evidence for integration using 
short-term cultures and to follow the fate of injected 
DNA in embryos cultured for longer periods through to 
hatch. Application of the method described to the 
efficient production of transgenic poultry may involve 
the use of a vector system. 

We detected expression of the exogenous DNA by 
assaying CAT gene activity in day 2 and day 7 cul- 
tures. The Rous sarcoma virus LTR, which directs 
expression of the CAT gene, has high activity in chick 
embryo fibroblasts (Gorman et al., 1982a), although 
RSV itself is not expressed when integrated in chick 
early embryonic cells (Mitrani et al., 1987). Tissue- 
specific gene expression during early development, 
from injected sequences that are episomal, has been 
shown in Xenopus (Wilson et al., 1986; Mohun et al., 
1986) and sea urchin (Flytzanis et al., 1987). It may be 
possible to use the method described here to analyse 
gene expression in early development in the chick by 
looking for regulation of expression of particular cloned 
genes after injection of suitable constructs. 
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Embryonic expression of f^-actin-lacZ hybrid gene injected 
into the fertilized ovum of the domestic fowl 

MITSURU NAITO^*, KIYOKAZU AGATA^", KATSUMASA 0TSUKA3, KATSUTOSI KINO^ 
MOTOYOSHI 0HTA3, KAZUO HIR0SE3, MARGARET M. PERRY^ and GORO EGUCHI^ 

^National institute of Animal Industry, Tsukuba Norindanchi, Ibaraki, Japan, ^National Institute for Basic Biology, 
Myodaiji-cho, Okazaki, Japan, ^Aichi-ken Agricultural Research Center, Nagakute, Aichi, Japan and 
*AFRC Institute of Animal Physiology and Genetics Research, Roslin, Midlothian, United Kingdom 

ABSTRACT An experiment was carried out to investigate the expression of cloned DIM A injected 
into the germinal disc of the chick fertilized ovum. The li-actin-lacZ hybrid gene, MiwZ, was injected. 
In the closed circular form, into the cytoplasm of the germinal disc at the single-cell stage. The embryos 
were cultured in vitro, then in recipient eggshells up to day 4 of incubation. The survival rate of the 
embryos at day 4 was 42% (55/130), and the rate of embryos expressing MiwZ was 64% (35/55). 
Twenty-two embryos expressed the MiwZ in both embryonic and extraembryonic tissues, while the 
remainder expressed the MiwZ in only extraembryonic tissues. Mosaic expression was observed in 
most of the embryos expressing MiwZ in embryonic tissues. Expression throughout all tissues of the 
embryo including blood cells occurred in one case. In this case, the injected DNA was assumed to have 
Integrated at an earlier stage. The results indicate that it is now possible to investigate the promoter 
activities of introduced exogenous genes as well as the effect of introduced genes on embryogenesis 
in early chick embryos. This technique may also facilitate the production of transgenic chicks. 

KEY WORDS: chick, germinal disc, microinjection, lacZ 



Introduction 

Perry (1988) developed a complete culture system for the chick 
embryo from a single cell to hatching. Recently, Naito ef aL (1990) 
: have Improved this method and obtained a much higher rate of 
hatching (34.4%) of fertilized ova grown in culture. If cloned genes 
can be introduced into single-cell stage embryos and the recipients 
are developed in vitro, this will prove a powerful method for analyzing 
embryogenesis at the molecular level. 

Various methods of gene transfer to chicks have been employed 
in attempts to obtain transgenic chicks. Transgenic chicks have 
been produced successfully using retroviruses as a vector (Souza 
etai, 1984; Shuman and Shoffner, 1986; Salter eta/., 1986, 1987; 
Hippenmeyer et al., 1988; Bosselman et aL, 1989; Crittenden et 
aL, 1989; Salter and Crittenden, 1989). This method, however, has 
disadvantages such as a limitation in size of the inserted genes and 
difficulties in preparation of high-efficiency infectious viruses. Petitte 
et aL (1990) have succeeded in developing a technique for 
blastodermal cell transfer and attempted to produce transgenic 
chicks from blastodermal chimeras (Gibbins etaL, 1990). Sang and 
Perry (1989) microinjected the bacterial CAT gene into the fertilized 
ovum at the single-cell stage and analyzed the fate of the injected 
DNA during development. They reported that some of the DNA was 



lost after injection, but that the remainder was replicated approxi- 
mately 20-fold during the first 24 h of development. Between day 1 
and day 7 in culture, the DNA was gradually lost and diluted out as 
the embryos developed. No evidence for chromosomal integration 
of the exogenous DNA was obtained, suggesting that the plasmid 
DNA persisted episomally. These observations suggest that the 
microinjection method may not be appropriate for the efficient 
production of transgenic chicks, but could be suitable for analyzing 
the expression and the effect of microinjected genes during early 
development of chick embryos. Injected DNA may be expressed 
extrachromosomally without position effect during the dynamic 
morphogenetic events occurring in the first 3 days of chick develop- 
ment. To examine whether microinjected DNAs are efficiently 
expressed in early embryos, we introduced the E. co//frgalactosidase 
gene recombined with the chicken 6-actin promoter/enhancer and 
the RSV enhancer element into fertilized eggs, and obtained the 
expression of the exogenous gene at high frequency. 



Abl/reuialims used in this paprr. RSV, raus sarcoma virus; LTR, long terminal 
repeat; CAT, chloramphenicol aceivltransferase; ES cell, embryonic stem 
cell. 
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Fig. 1 . Structure of the recombinant plasmid, MiwZ. fl-actin ((l-acO and 5-crystallin l&cry) sequences are shown by wavy lines and their exon sequences 
by the solid boxes. Bacterial sequences (fl-gal) are indicated by open box, HSV-tk sequences by box with vertical stripes, SV40 sequences by box with 
horizontal stripes, the RSV L TR sequences by the open arrow, and plasmid vector sequence by the horizontal line. Promoters and termination signals 
(tk ter and SV ter) are also indicated. Restriction sites: S, BamHI; E, EcoRI; K Kpnl; Ps, PstI: Sc, Seal: SI, Sail, Sm, Smal: Sp, SphI; Ss, SstI; Xb, Xbaf 



Results 

Introduction of the MiwZ by oblique or vertical Injection 

The pronuclei in the central region of the germinal disc are 
masked by yolk spheres and could not be identified by microscopy. 
For the preliminary experiments, the micropipette was inserted 
obliquely into the central site of the germinal disc and DNA was 
injected into the cytoplasm of fertilized ova, followed by up to 4 days 
of embryo culture. Expression of the MiwZ was detected In most 
cultures, but the area of the expression of MiwZ was spread in a 
radial manner from the injection site at the blastoderm stage (Rg. 
2A). In 3-day-old embryos, expression of the MiwZ was observed 
frequently in the extraembryonic tissues in a radial manner as in Rg. 
2B, but no embryonic tissue expression was observed in any of the 
cultures. These results suggest that injected DNAs do not diffuse 
through the cytoplasm of fertilized ova, and that only the cells 
derived from the injected region incorporate exogenous DNA into 
the nuclei and express MiwZ. Thus, In the next experiments, the 
micropipette was inserted vertically into the center of the germinal 
disc, in order to inject DNAs into that part of the cytoplasm which 
contributes to embryonic tissues and germ cells (Ginsburg and Eyal- 
Giladi, 1987). As expected, embryonic tissue expression of the 
MiwZ was observed in some cultures by vertical injection. 

DNA concentration^ embryonic development and MiwZ expression 

The results of the expression of MiwZ injected vertically into the 
germinal disc are shown in Table 1. When the DNA concentration 
was 1.0 mg/ml, only 1 out of 62 manipulated embryos sun/ived on 
day 4 of incubation. Development of most embryos was arrested at 
the early blastoderm stage. High doses of DNA may be very toxic for 
chick embryos, as found for Xenopus embryos (Gurdon, 1974). On 
the other hand, when the DNA concentration was 0.1 mg/ml, the 
survival rate of the manipulated embryos was 42% (55/130) on day 
4 of incubation. In 64% (35/55) of them the MiwZ was expressed 
in the embryonic or extraembryonic tissues. Embryonic expression 
of the MiwZ was detected in 22 (40.0%) out of the 55 embryos 
surviving on day 4 of Incubation, and in the remaining 13 embryos 
(23.6%) the MiwZ expressed in the extraembryonic tissues only. 

MiwZ expression in the embryonic tissues 

Rg. 4A shows an embryo cultured for 4 days after injection of 
water. The embryo developed normally, and no endogenous 6- 



galactosidase activity was detected at this stage byourhistochemical 
procedure. Embryos shown in Rgs. 3A, 3B and 3C, cultured for 3 or 
4 days, show expression of the MiwZ in the embryonic as well as 
extraembryonic tissues, but the expression pattem is mosaic. Rg. 
3A illustrates a 3-day embryo showing expression of the MiwZ in the 
embryonic and extraembryonic tissues. The MiwZ is expressed 
almost throughout the embryos, but In a mosaic manner. A radial 
staining pattern in each somite and a columnar staining pattern in 
the neural tube are observed (see insert). Rgs. 3B and 3C illustrate 
other embryos incubated for 4 days. In the embryo shown in Rg. 38, 
a columnar staining pattern of the neural tube is clear. In Fig. 3C, 
the expression of MiwZ can be mainly recognized in the heart and 
neural tube. Table 2 shows the site of expression of MiwZ in the 22 
embryos incubated for 4 days. The incidence of expression was 
higher in the neural tube (64%) than in other organs and tissues. Fig. 
4B shows an intensely stained embryo incubated for 4 days. This 
was the only case in which the expression of MiwZ occurred 
throughout the embryo, probably in all cell types including some 
blood cells. 

Discussion 

In this study, we succeeded in obtaining expression of the MiwZ 
in both embryonic and extraembryonic tissues by injecting the 



TABLE 1 

EXPRESSION OF MiwZ IN CHICK EMBRYOS AT 4 DAYS FOLLOW- 
ING INJECTION INTO THE CHICK GERMINAL DISC 

Number of embryos i%) showing 
expression of MiwZ 

DNA Numoer Number (%l No Extraembryonic Part* Who'c* 

concentration oi eggs of embryos expression (issues o( embryo en^b^'yo 
manipulated on day 4 only 



1 mg/ml 


62 


1 

(1.6) 


0 

(0.0) 


1 

(100.0) 


0 

(0.0) 


0 

(d.O) 


0.1 mg/ml 


130 


55 
(42 3) 


20 
(36.4) 


13 
(23.6) 


21 
(38.2) 


n.8) 



* Embryonic and extraembryonic tissue expression 
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Rg. 2. Expression of the MiwZ by oblique injection. The MiwZ was injected obliquely into the germinal disc of the fertilized ovum at the single-cell 
stage. Expression of the MiwZ was analyzed after 1 day (A) and 3 days (B) of incubation. 



i corresponding DNA into the cytoplasm of the chick germinal disc at 

: the single-cell stage. This technique enables us to investigate the 
promoter activities of introduced genes and also the effect of 
introduced genes, the products of which are expected to regulate 
chick embryogenesis at the molecular level. In this study, we 
obtained one promising case in which the MiwZ was expressed 
throughout the embryo (Fig. 4B). In this case the injected DNA might 
have been incorporated into the nucleus at the single-cell stage, 
and the DNA integrated in the host chromosome at an early stage 
of development. This suggests that it may be possible to produce 
transgenic chicks by the method of injecting DNA into the cytoplasm 

: of the germinal disc at the single-cell stage. Most of the embryos 
expressing the MiwZ in this study were mosaic. This kind of 
mosaicism is also observed in Drosophila and Xenopus when DNA 

■: is microinjected into the cytoplasm {Stellerand Pirrotta, 1985; Etkin 
and Pearman, 1987). The oblique injection experiment indicated 

: that Injected DNA does not diffuse throughout the cytoplasm of the 
germinal disc (Rgs. 2A-B). If DNA is injected at a site far from the 

. first cleavage plane, it will not be distributed in all of the cells of the 
embryo. In such a case DNA might be introduced only into one of the 

. two daughter cell nuclei afterthefirstcleavageora small population 
of cells at a later stage, so that the distribution of DNA would 

: become mosaic in the embryos or extraembryonic tissues. In order 
to minimize this kind of mosaicism, the micropipette was inserted 

. "Vertically- into the central site of the germinal disc close to the 



pronuclei. Since the cytoplasm of the chick germinal disc is opaque 
and the thickness of the germinal layer is about 100 ^m (Kochav et 
al., 1980), it is difficult to position the tip of the micropipette in the 
germinal layer. Sang and Perry (1989) marked the micropipette at 
a distance of 150-200 ^im and 2.0-2.5 mm from the tip to determine 
the depth of penetration into the cytoplasm and the volume of DNA, 
respectively. By their method, it seems difficult to inject DNA into the 
germinal layer close to the upper surface. It may be important to 
inject DNA into the central part of the germinal layer close to the 
upper surface because embryonic tissues and germ cells may 
originate from the central zone of the area pellucida (Ginsburg and 
Eyal-Giladi, 1987). In order to overcome the difficulty of injecting 
DNA into the germinal layer, a continuous flow of solution from the 
micropipette was maintained while the micropipette was inserted 
vertically into the central area of the germinal disc. This method 
ensured that some of the DNA was placed in the cytoplasm of the 
central area of the germinal layer close to the upper surface. 
Although the volume of DNA flowing out from the micropipette was 
not constant, injection into the gemninal layer in many of the 
manipulated eggs appeared to be successful, because the expres- 
sion of MiwZ was detected in about 60% of the cultures surviving on 
day 4 of incubation. 

In the present experiment, we injected the closed circular form 
of DNA in order to investigate the transient expression of the DNA, 
because circular form DNA seems to resist digestion with DNase in 
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Fig. 3. Mosaic expression of the Mt wZ 
in the embryos. The MiwZ was in- 
lected vertically into the germinal disc 
of the fertilized ovum, and incubated 
for 3 days (A) and 4 days {B, C). In Fig. 
3A, the middle part of neural tube and 
somites is enlarged in the insert (lower 
right corner). 
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Fig. 4. Expression of the MiwZ throughout the embryos. Ifte M/WZvvas /n^^^^ 
IB). A control embryo was mcubated for 4 days and stamed (A). 



the cytoplasm (Fu ef a/., 1989) and to be maintained 
extrachromosomally to a later stage. Sang and Perry (1989) 
reported that the linear DNA molecules injected Into the gemnlnal 
disc are ligated rapidly after injection to form random concatamers. 
However, they did not obtain any evidence that injected DNA is 
incorporated into the host chromosomes from analysis of the fate 
of injected DNA in 253 embryos. In the present experiment, we have 
only analyzed expression of the injected DNA but not its fate. 
However, the injected DNA is assumed to have been integrated at 
an earlier stage in at least one case (Fig. 4B). This suggests that 
some closed circular DNA molecules could be incorporated into the 
host chromosomes, and further analysis of the fate of DNA injected 
by our method is planned. 

The transcriptional activity of the MiwZ construct is very strong. 
Most positive cells are detected within 5-10 min of Incubation in the 
X-gal solution. We have also obtained intense staining in all types 
of cultured cells of chick embryos transfected with MiwZ (data not 
shown). In mice. Suemori et ai (1990) obtained ES cells, in which 
MiwZ is uniformly expressed. All derivatives of these ES cells in 
chimeras expressed MiwZ. These data suggest that all cells 



incorporating MiwZ can express MiwZ. and that the mosaic expres- 
sion may result from the non-uniform distribution of MiwZ. but not 
from differential on the promoter activity. However, in the present 
experiment the MiwZ expression tended to be exhibited by the 
extraembryonic membranes and neural tube (Table 2). It is sup- 
posed that this tendency may reflect the proliferation rate of cells, 
because DNA existing extrachromosomally is diluted out by prolif- 
eration. 



Materials and Methods 

Preparation of the fertilized ova 

White Leghorn hens were artificially Inseminated. The hens were killed 
by intravenous injection of sodium pentabarbilone (100-150mg/bird) at 
2.75 h after oviposition of the preceding egg. and fertilized ova were 
obtained from the magnum of the oviduct. At this time the fertilized ovum is 
at the precleavage stage and the pronuclei are swelling. Syngamy takes 
place within 1 h (Perry. 1987). Ova were placed in glass jars of adequate size 
which contained approximately 5 ml of culture medium consisting of thin 
albumen and salt solution (3:2) according to the method of Perry (1988). 
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TABLE 2 

SITE OF EXPRESSION OF MiwZ IN 4 DAY 
INCUBATED CHICK EMBRYOS 



Expression site 



Number of embryos* 



Percentage 



Neural tube 
Ectoderm 
Heart 
Blood cell 



14 
8 
5 
5 



64 
37 
23 
23 



Whole embryo 1 
* Number out of 22 embryos that expressed the MiwZ 



The gene to be Introduced 

The structure of the constructed plasmid, MiwZ, used in this experiment 
was previously described by Suemort et al. (1990) (Rg. 1). It contains E, coli 
ft-galactosidase (lacZ) gene under the control of RSV enhancer and chicken 
6-actin gene promoter/enhancer. The circular form plasmid was suspended 
in distilled water and the concentration of DNA was 1.0 mg/ml or 0.1 mgj 
ml. 

Microinjection of DNA 

Micropipettes were made by pulling 1,0 mm siliconized microcapillary 
tubing. The tips were beveled down (20-25°) to an outside diameter of 10- 
15 Mjn. The micropipette was held by a micromanipulator (M-152, Narishige, 
Tokyo) and connected to a microinjector (IM-5B, Narishige, Tokyo) with a 
teflon tube (Inside diameter 1 mm, outside diameter 2 mm). A pressure-lock 
gas syringe was connected to the mid point of the tube so that the pressure 
in the micropipette could be monitored. The tube was filled with distilled 
water and the micropipette containing DNA was filled with liquid paraffin in 
order to remove the air from the tube and the micropipette completely. 

The micropipette was inserted into the central area of the germinal disc 
up to a depth of about 150 ^m vertically or obliquely (30*' from the vertical) 
through the albumen capsule and vitelline membrane. A continuous flow 
system was employed for DNA injection. The injection volume of the DNA was 
10-50 nl. 

Cuiture of eggs 

The injected eggs were incubated individually for 24 h at 41.5**C in the 
glass jars sealed with plastic film. The embryos (yolks) were then transferred 
to recipient eggshells after removing the thick albumen and culture medium 
(Naito ef al., 1990). The shells were filled with thin albumen, and sealed with 
cling film secured by plastic rings and elastic bands (Perjy, 1988). The 
reconstituted eggs were incubated for 3 days at 38X and 60% relative 
humidity, with rocking through an angle of 90°. Embryos were fixed after 1, 
3 and 4 days of incubation, and the expression of the injected DNA was 
analyzed. All procedures for DNA injection and embryo culture were carried 
out under sterile conditions. 

Detection of gene expression 

The expression of MiwZ was detected by a histochemical staining 
method. The embryos and extraembryonic tissues were removed from the 
yolk in phosphate-buffered saline without Ca^"*" and Mg^* (PBS{-)), and fixed 
with 1% glutaraldehyde in PBS(-) for 1S30 min. After washing three times 
with PBS(-), the samples were incubated for 2 h at 37°C with 0.05% 5-bromo- 
4-chloro-3-indofyl-6-D-galactopyranoside (X-gal, Wako. Tokyo), ImM-MgCtj, 
0.1% Triton X, 3mM-potassiumferrocyanide and 3mM-potassium ferricyanide 
in PBS(-). 
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From Cleavage to Primitive Streak Formation: A Complementary 
Normal Table and a New Look at the First Stages of the Development 

of the Chick 

I. General Morphology 
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A manual method has been developed to extract eggs from the genital tract without harming 
the hen. Fourteen developmental stages preceding Hamburger and Hamilton's stage 2 have 
been studied from live material and photographed from both upper and lower surfaces. Three 
developmental periods have been distinguished: cleavage, formation of area pellucida. and 
hypoblast formation. The last two are morphogenetic periods which follow the determination of 
the embryonic axis. During cleavage the diameter of the germ becomes reduced and the 
cytoplasmic mass becomes thicker. Later there is a progressive increase of the germ's area. The 
formation of the area pellucida is a result of an oriented massive loss of the yolk laden cells of 
the lower layers. The formation of the primary hypoblast is a result of posterio-anteriorly 
oriented poiyinvagination and a later coalescence of the cell aggregates in the same direction. 
It is not yet possible to conclude whether there is also an anteriorly directed ceil movement. 
The inconsistent usage of the terms blastodisc and blastoderm is discussed. The authors 
suggest avoiding the term blastodisc and using the general term germ for all the early stages. 
The term blastoderm may be applied from stage VI onward. 



INTRODUCTION 

The study of the embryonic development 
of the chick has been limited for many 
years almost entirely to the stages from 
the unincubated blastoderm onward. The 
reasons for this have been the difficulty of 
obtaining younger material, for which it 
was believed that hens had to be sacrificed 
(Patterson, 1910) and the lack of apprecia- 
tion of the importance of the earlier stages 
in embryonic development. 

Furthermore, most of the experimental 
work with chick blastoderms has been per- 
formed on embryos from the primitive 
streak stage and older, on the assumption 
that the morphogenetic period started 
with the formation of the streak. This lat- 
ter assumption was based on the homology 
which was drawn between the primitive 
streak and the amphibian blastopore. De- 
velopment prior to gastrulation in am- 
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phibians (or any holoblastic egg) was re- 
garded merely as cleavage, during which 
period it was generally accepted that "the 
constituent parts of the cytoplasm of the 
egg are not displaced to any great extent 
and remain on the whole in the same posi- 
tions as in the egg at the beginning of 
cleavage" (Balinsky, 1970). Thus, before 
P.S. formation, the chick embryo has been 
regarded as being in the cleavage period 
and in possession of no significant morpho- 
genetic activity. Hamburger and Hamil- 
ton (1951) have obviously prepared their 
normal table of the chick to answer to the 
common needs of most investigators of 
chick development. It is probably therefore 
that their stage 1, called prestreak or an 
unincubated blastoderm, is represented as 
a disk with no specific details. Their stage 
2 blastoderm already contains an initial 
primitive streak. 

The above approach overlooked many 
known facts concerning the early develop- 
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ment of the chick embryo. There has been 
work done on the fertilization and early 
cleavage in the pigeon (Harper, 1904; 
Blount, 1909; Patterson, 1909) and in the 
hen (Goette, 1874; Duval, 1884; Kionka, 
1894; Patterson. 1910; Olsen. 1942; Be- 
khtina, 1960; Emanuelsson, 1965). Some 
additional work has been done on the for- 
mation of the area pellucida (Clavert, 
1962) and on the formation of the two-lay- 
ered blastoderm (Oellacher. 1869; Balfour, 
1873; Kolliker, 1875; Roller, 1882; Mer- 
bach, 1935; Jacobson, 1938; Peter, 1938; 
Pasteels, 1945; Spratt and Haas, 1961, 
1965; Spratt, 1960; Vakaet, 1962. 

However, no coherent picture has been 
formed to cover the sequence of develop- 
mental events from the first cleavage up to 
primitive streak. The aim of the present 
study is to fill this gap by presenting a 
series of normal stages with clear morpho- 
logic criteria serving as easy reference 
points for any investigation on the early 
stages. 

MATERIALS AND METHODS 

A technique has been devised to extract 
eggs mechanically from the hen's genital 
tract. Hens, either Leghorn or hybrid New 
Hampshire x Leghorn, were kept in indi- 
vidual cages and artificially inseminated. 
Prior to a planned extraction of eggs the 
hens were observed carefully for 1-2 days, 
and the exact time of laying was recorded 
for each hen. The time for the first cleav- 
age has been predicted as 6 hr (Patterson, 
1910) and 5V2 hr (Olsen, 1942) after the 
laying of the previous egg. Both of these 
authors report that cleavage begins in the 
oviduct, but Olsen mentions that it was 
possible by injecting posterior pituitary ex- 
tract to obtain eggs 5 hr after the esti- 
mated time of ovulation, i.e., 5V2 hr after 
the laying of the previous egg. Olsen and 
Byerly (1932) describe a method of expel- 
ling eggs manually from the hen's uterus, 
probably at a much later stage. This 
prompted us to try manual extraction at 



different times, starting 5V2 hr after the 
laying of the previous egg. 

Extraction of the egg was done as foU 
lows: First, the hen was checked for the 
presence of an egg by inserting a finger 
into the cloaca. Beginning 5V2 hr after the 
laying of the previous egg, the new egg 
could be palpated in a deep position, prob- 
ably at the lowest part of the isthmus on 
transition to the uterus. An egg that could 
be palpated usually could be expelled man- 
ually. The hen was placed on its right side 
with its left leg held by the left hand of the 
operator. External pressure was applied 
with the right thumb to the abdomen ante- 
rior to the egg in order to shift it caudally. 
A second person held the hen by its right 
leg and caught the egg as it was expelled. 
This method enabled us to obtain 
hundreds of eggs at all the desired devel- 
opmental stages without sacrificing the 
mothers. The youngest eggs had only a 
shell membrane, while older ones showed 
progressive formation of a calcareous 
shell, the thickness of which was propor- 
tional to the duration of its stay in the 
uterus. The uterine eggs, however, form 
only part of the material covered in this 
study; the later stages included in the 
study are normally laid, unincubated eggs 
and eggs incubated for various short pe- 
riods at 37X. Special attention has been 
paid to the unincubated eggs, which were 
collected at the moment of laying and 
either opened immediately or rapidly 
cooled and kept at 15°C before being exam- 
ined. 

The eggs were opened into a bowl con- 
taining Ringer's solution, the future poste- 
rior side of the germ was marked with 
carbon according to Von Baer's law, and 
the germ was then dissected out, thor- 
oughly cleaned from adherent yolk, freed 
of the vitelline membrane, and photo- 
graphed with a camera mounted on a dis- 
secting microscope. Generally fixation was 
not employed, but at later stages of devel- 
opment (stage X and onward) a few drops 
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of formalin were sometimes added to pre- 
vent the thinned-out blastoderms from 
curling. Each germ was photographed 
both from its upper and lower sides 
against a black background. 

RESULTS 

Hundreds of eggs collected according to 
the above system included all develop- 
mental stages. The stages were defined 
according to distinct morphological crite- 
ria and not to hours of development. The 
time intervals between the stages are not 
constant and the approximate uterine age 
is referred to for each stage. The uterine 
age was calculated as the interval between 
the laying of the former egg and the ex- 
traction of the studied egg minus 5V2 hr. 
Fourteen stages were defined and de- 
scribed; they encompass three distinct de- 
velopmental periods: A, cleavage period; 
B, formation of the area pellucida-period 
of symmetrization; C, period of hypoblast 
formation. Roman letters have been used 
in order to distinguish them from Ham- 
burger-Hamilton. 

Period A: Cleavage (Stages I -VI) 

During this period, the cytoplasmic 
mass of the germinal disc is cleaving very 
rapidly, the time span between stages I 
and VI being about 10-11 hr. 

Stage I (0-1 hr uterine age; Figs. 1 and 
2). Eggs containing embryos of this stage 
were extracted from the hens 5V2-6V2 hr 
after the former egg had been laid. They 
were surrounded by a very flaccid shell 
membrane; the albumen inside the mem- 
brane which had not yet absorbed uterine 
fluid was very viscous. The germinal disc 
was large (3.5-4 mm in diameter) and in 
its central region cleavage furrows were 
seen, sometimes in an excentric position 
(figs. 31 and 33). As the rate of divisions 
was very high, five to six divisions during 
the first 2 hr (from the time of the first 
cleavage furrow to stage II), we do not 
refer to each division as a separate stage. 



We therefore included in stage I the whole 
range of cleaving patterns in which all 
cells were still open peripherally, or even 
those with one to two centrally located and 
laterally closed cells. Additional stage I 
germinal discs are shown to demonstrate 
the variability of cleavage patterns from a 
very orderly one (Figs. 35 and 36) to an- 
other (Figs. 32 and 34) with a single cir- 
cumscribed cell, indicating asynchrony of 
the mitotic divisions. The cytoplasm at 
this stage contains many large vacuoles 
(vac). In some of the embryos of this stage 
a polar body (p.b.) could still be discerned 
(Figs. 1 and 31). Another relatively com- 
mon feature is the presence of several 
knobs (su. sp.) near the periphery, some 
being minute (the size of a polar body) and 
others are much larger (the size of a blas- 
tomere). The minute knobs resemble the 
supernumerary sperms of the pigeon (Pat- 
terson, 1910), while the larger ones might 
be nests formed by dividing supernumer- 
ary sperms before their disintegration. In 
a stage I germ observed from the lower 
side, all the cells seem to be open from 
below. 

Stage U (about 2 hr uterine age; Figs. 3 
and 4), On the upper surface there is a 
group of 14-16 laterally closed cells en- 
closed by vertical cleavage furrows. The 
blastomeres are elevated in relation to the 
originally flat surface of the germ and re- 
semble a nest of eggs. From the central 
group, cleavage furrows spread out in all 
directions. The uncleaved cytoplasm still 
contains vacuoles; however, these are 
smaller than stage I vacuoles. The lower 
surface does not yet reveal the formation of 
horizontal cleavage furrows. 

Stage III (3-4 hr uterine age; Figs. 5 
and 6). The germ at this stage has a nota- 
bly smaller diameter than in stage I. This 
accentuates the tendency, already visible 
in many stage II germs, that during cleav- 
age the cytoplasmic disc shrinks horizon- 
tally and thickens vertically. On the upper 
surface a central group of 80-90 laterally 
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closed blastomeres is seen. From its mar- 
gin cleavage furrows radiate to the edge of 
the germinal disc. 

On the lower surface, some 10-26 cells 
(cl. bl.) that are closed ventrally by hori- 
zontal furrows can be seen. The more lat- 
erally situated vertical furrows of the dor- 
sal side are not deep enough to show on the 
vertical surface. In the uncleaved cytoplas- 
mic region of the ventral side many vacu- 
oles can still be seen, although they are 
much smaller than those of earlier stages. 

Stage IV (5 hr uterine age; Figs. 7 and 
8). The diameter of the germ is similar to 
that at stage III. On the upper surface 
there are 250-300 closed cells while in the 
center of the lower surface 80-90 ventrally 
closed cells may be seen. The ventral area 
covered by the closed cells indicates the 
dimensions of the subgerminal cavity (s.c.) 
at this stage. 

Stage V (8-9 hr uterine age; Figs. 9 and 
10), Cleavage is much more advanced. The 
closed blastomeres occupy equally large 
areas both on the upper and lower sur- 
faces. The sub-blastodermic cavity has in- 
creased remarkably and stretched towards 
the periphery. However, both surfaces do 
not yet form smooth areas and appear to be 
composed of rounded beadlike blasto- 
meres. 

Stage VI (10-11 hr uterine age; Figs. 11 
and 12). The entire cytoplasmic mass of 
the germinal disc is cleaved, both on the 
upper and lower surfaces. The cells are 
very small and form an epithelial sheet of 
uniform thickness. The beadlike appear- 
ance of the individual cells is lost and the 



germ can legitimately be called a blasto- 
derm. 

Period B: Formation of Area Pellucida 
(Stages VII -X) 

Stage VII (12-14 hr uterine age; Figs. 
13 and 14). The cells of the upper surface 
became much smaller as a result of inten- 
sive dividing, although at the magnifica- 
tion used by us it is difficult to distinguish 
the individual cells. The cells of the lower 
surface are, however, much larger and 
generally similar in size to the cells of the 
lower surface of stages V-VI, 

The epitheliumlike appearance of stage 
VI is modified as a result of the shedding of 
some cells from a limited area of the lower 
surface at the posterior half of the germ. 
The shed cells rest on top of the yolk at the 
bottom of the subgerminal cavity. The re- 
gion that shed the lower cells forms a 
transparent thinned-out area in the poste- 
rior half of the germ and is the first sign of 
the area pellucida (a. p.). From this stage 
onward the diameter of the germ increases 
with progressive development. 

Stage VIII (15-17 hr uterine age; Figs. 
15 and 16). The transparent region has 
spread to both sides and forms a sicklelike 
area. It is now obvious that a marginal 
band of the germ, to become the area opaca 
(a.o.) is not included in the new process 
and does not change its appearance. From 
the ventral side, the still very large bead- 
like cells of the lower surface (y.l.c.) can be 
seen to lose contact and fall off. 

Stage IX (27-19 hr uterine age; Figs. 17 
and 18). The transparent region is now 



Fig. 1. Upper surface of stage I germ demonstrating cleavage furrows (c. fur.) polar body (p.b.) nests of 
supernumerary spermia (su. sp.). 

Fig. 2. Lower surface of same stage I germ. No cell boundaries discerned. Large vacuoles (vac.) 
randomly distributed. 

Fig. 3. Upper surface of stage II germ. Cleavage has proceeded. More centrally located ones still open 
laterally. 

Fig. 4. Lower surface of same stage II germ. No change from stage I (Fig. 2) except for small vacuoles. 

Fig. 5. Upper surface of stage III germ. Cleavage proceeds towards the periphery. Central blastomeres 
smaller than more laterally located ones. 

Fig. 6. Lower surface of same stage III germ. At the center a few blastomeres are seen closed off also on 
their ventral aide (cl. bl.). Vacuoles numerous, remarkably smaller, occupy area lateral to closed off 
blastomeres. 
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spreading in an anterior direction, al- 
though the process is not yet completed 
and the border between the area opaca and 
the area pellucida is not yet a sharp one, 
especially at the anterior end. 

Stage X (a freshly laid egg about 20 hr 
uterine age; Figs. 19 and 20), Observation 
both from the upper and lower surfaces 
reveals that the formation of the area pel- 
lucida has been completed and there is a 
clearly demarcated border between it and 
the area opaca. However, this stage not 
only terminates period B (the formation of 
the area pellucida), but is also the begin- 
ning of the following period C. On closely 
observing the lower surface, clusters of 
small cells (much smaller than the cells 
shed during the formation of the area pellu- 
cida) are seen to form a meshlike layer at 
the posterior area of the blastoderm i.ag.). 
Only the most posterior region of the area 
pellucida fails to be involved in this new 
process and remains as a transparent sic- 
kle shaped belt (t.b.). 

Period C: Hypoblast Formation {Stages 
XI-XIV) 

All the stages included in this period 
and onward are arrived at by incubating 
the freshly laid egg for varying lengths of 
time. Incubation time depends in each 
case on the initial stage of the embryo, 
which in turn depends on the time lapse 
since laying and on the environmental tem- 
perature. Although the ventral cell clus- 
ters of stage X may be regarded as the first 
signs of hypoblast formation, from a mor- 
phologic point of view, it is preferable to 
refer to an actual structure, which can be 
directly related to the hypoblast. 



Stage XI {Figs, 21 and 22). Observation 
of the upper surface of the blastoderm re- 
veals a smooth thin layer through which 
deeper concentrations of cells may be seen. 
The same picture, though slightly better 
defined, may be seen when looking at the 
ventral side of the blastoderm. Here again 
in front of the posterior section of the area 
opaca a transparent beltlike area (t.b.) 
may be seen, the anterior border of which 
is demarcated by a relatively narrow 
horseshoelike concentration of cell clus- 
ters (k.s.). Inside this horseshoe a number 
of individual clusters of various sizes may 
be seen (i.ag.). The cell clusters demon- 
strate a clear antero-posterior orientation 
with the bigger ones at the posterior side 
and the smaller ones situated more anteri- 
orly. The horseshoelike concentration of 
cells at the posterior side of the blastoderm 
is probably what is referred to in the liter- 
ature as Koller^s sickle and from a mor- 
phologic point of view, the beginning of 
the hypoblast. 

Stage XII (Figs. 23 and 24). Here again 
the transparent posterior belt may be 
seen, anterior to which the newly formed 
lower layer, the hypoblast, already lines 
half of the lower surface of the area pellu- 
cida. The hypoblast, although, sheetlike, 
is not entirely continuous and gives the 
impression of being formed by the fusion of 
separate cell masses. 

Stage XIII (Figs. 25 and 26). The proc- 
ess of hypoblast formation has been com- 
pleted. The posterior margin of the hypob- 
last is still very accentuated on the ventral 
side and also may be seen very clearly 
from the dorsal side through the transpar- 
ent epiblast. The upper surface continues 



Fig. 7. Upper surface of stage IV germ. Cleavage proceeds. Central cells becoming smaller; lateral 
cleavage furrows reach margin of germ. 

Fig. 8. Lower surface of same stage IV germ. Amount of ventrally closed blastomeres increases. Beneath 
latter subgerminal cavity (s.c.) is expanding. 

Fig. 9. Upper surface of stage V germ. 

Fig. 10. Lower surface of same stage V germ. Almost all blastomeres closed ventrally and subgerminal 
cavity Cs.c.) remarkably enlarged. 

Figs. 11, 12. Upper and lower surface views of same stage VI blastoderm. Fully cleaved, individual cells 
have lost beadlike form and are incorporated into epithelial sheet. Upper and lower surfaces appear similar. 
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to be smooth without any sign of depres- 
sion or invagination. 

Stage XP/ iFigs. 27 and 25).The ante- 
rior side of the hypoblast now also has 
well-defined borders and at the posterior 
side a cellular bridge is being formed be- 
tween the hypoblast and the area opaca 
(pos. br.). 

Hamburger -Hamilton stage 2 (Figs. 29 
and 30), Here the primitive streak (p.s.) 
can be seen to form in the cellular bridge 
posterior to the initial posterior margin of 
the hypoblast. 

DISCUSSION 

Although much work has been done on 
early stages of chick development during 
the last 100 years, there is nevertheless 
confusion about development prior to prim- 
itive streak formation. To date, no system- 
atic study has been made of this entire 
period, and the existing fragmentary data 
suffer from drawbacks. The main disadvan- 
tage of the sporadic data was that the mate- 
rial had been studied after fixation and 
generally only from microscopical sec- 
tions. In those cases in which sectioning 
was attempted according to Von Bacr*s 
law (which is known to be inaccurate), a 
deviation of a few degrees might have lead 
to misinterpretations. Also, no criteria ex- 
isted to arrange the data gathered from all 
the different observations in a correct tem- 
poral developmental order. 

The aim of the present study was there- 
fore to rectify the above-mentioned short- 
comings by systematically studying one 
stage after another with an exact timing of 
the stages; by studying live material, pho- 



tographing it as promptly as possible, and 
paying attention to the exact anterio-poste- 
rior orientation of the embryo. The present 
study deals only with the information 
gained by using a stereoscopic microscope; 
however, parallel material that was col- 
lected and processed for both light and 
electron microscopy has been studied and 
will be discussed separately. 

The developmental period least affected 
by the above-mentioned drawbacks is the 
cleavage period. Here, even without tim- 
ing, there can be no doubt about the order 
of the stages. The studies of both Patterson 
(1910) and Olsen (1942) provide quite accu- 
rate correlation between the time that 
elapsed from the laying of the previous egg 
and the number of blastomeres seen in 
surface view. Neither of these authors, 
however, attempted to stage the germs of 
the period studied, to photograph them in 
a live condition, nor to observe the germ*s 
lower surface while checking its relation to 
a subgerminal cavity. Patterson even men- 
tions that in the hen's egg, photographs of 
the living cells are impossible, this in con- 
trast to the pigeon's egg in which the cleav- 
age furrows stand out clearly; the early 
stages of the latter were successfully photo- 
graphed by Blount (1909). Probably, it was 
Patterson's statement that discouraged 
later investigators from attempting to deal 
with the living germ. Olsen (1942) also 
fixed the embryo and stained it with gen- 
tian violet to accentuate the cleavage fur- 
rows. In the present study, it was found 
that if a living germ is removed from the 
yolk it can be photographed on a black 
background when correctly illuminated. 



Fig. 13. Upper surface of stage VII blastoderm. Upper surface remains smooth, but its posterior half 
becoming transparent, indicating formation of area pellucida (a. p.). 

Fig. 14. Lower surface of same stage VII blastoderm. Area pellucida formed through process of cell 
dropping. 

Fig. 15. Upper surface of stage VIII blastoderm. Area pellucida expands from original posterior region in 
anterio-1 a teral direction. Marginal area, the area opaca (a.o.), remains unaffected by this process. 

Fig. 16. Lower surface of same stage VIII blastoderm. Shedding off of ventral yolk laden cells (y.l.c.) is 
clearly seen. 

Figs. 17, 18. Upper and lower surface of same stage IX blastoderm. Formation of area pellucida nearly 
completed. 
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Not only are the furrows visible, but in 
certain cases also the polar bodies (p.b.) 
and the supernumerary spermia (su. sp.), 
exactly in the same way as in the pigeon 
(Blount, 1909). By observing the first 
cleaviages in many germs (Figs. 31-36) it 
may be seen that cleavage can start at any 
point in the germ, that the first furrow 
which is often eccentric does not divide the 
germ into two equal parts, and therefore, 
has nothing to do with the future axis. 
This is in accordance with many earlier 
observations (Duval, 1884 ; Patterson , 
1910; Olsen, 1942). As far as the synchrony 
of the cleavages is concerned, there is also 
disagreement among different investiga- 
tors. A recent report by Emanuelsson 
(1965) claims that the first five divisions, 
that is, up to 32 blastomeres, are synchro- 
nous, whereas earlier investigators claim 
that the third cleavage is already irregular 
(Patterson, 1910; Blount, 1909). Our re- 
sults agree with the findings of Patterson 
and Blount, whose observations were 
based on a much more extensive series of 
embryos. Generally, it may be stated that 
in most cases the third cleavage, and some- 
times the second cleavage, are already 
asynchronous and irregular, although oc- 
casionally regular cleavages also may be 
found (Figs. 35 and 36). Another feature 
that is very prominent in live, cleaving 
germs is the abundance of vacuoles which 
are large in the earliest stages and become 
progressively smaller until they disappear 
altogether at stage VI, the end of cleavage. 
Most investigators do not mention the vac- 
uoles, and here again attention was paid 
to them by workers such as Disse (1878), 
who disputes with His (1968) about the 



lattcr's belief that there is a progressive 
accumulation of vacuoles that later contrib- 
ute to the formation of the subgerminal 
cavity. Also, Goette (1874) and Oellacher 
(1869) attributed the formation of the 
subgerminal cavity to the accumulation of 
fluid. Disse experimented with fixation 
and concluded that the formation of vacu- 
oles is not physiologic, but an artifact 
caused by the chromic acid. All the above 
investigators neglected looking at a non- 
fixed embryo which readily demonstrates 
an abundance of vacuoles. Although we 
cannot yet say anything concerning the 
connection between the vacuoles and the 
subgerminal cavity, we can state that such 
a cavity filled with fluid does exist. Here 
again, there is in the literature a discus- 
sion based on microscopical slides on 
whether the cavity, seen by many investi- 
gators, is real or an artifact. Jacobson 
(1938) and Pasteels (1945) believe that 
there is only a narrow slit between the 
germ and the underlying yolk, the cavity 
seen in the slides being artifactual. Clav- 
ert (1960, 1962), who based his conclusions 
on observations of live material, but of the 
intact egg without trying to remove the 
germ from the underlying yolk, is even 
more radical. He believes that only 6-8 hr 
before the egg is laid (our stages VII -VIII) 
"the germ detaches itself from vitellus . . . 
the area pellucida then appears, ofl' cen- 
ter." Our material demonstrates that the 
subgerminal cavity exists from stage III 
onward. It begins in the region where the 
first cells close off ventrally, as a very 
small centrally situated cavity, and it then 
extends gradually towards the periphery 
to spread under the entire germ at stage 



Figs. 19, 20. Upper and lower surface of same stage X blastoderm. On lower surface of thinned out 
blastoderm isolated cell aggregates (i. ag.) appear, more concentrated at posterior half. Transparent belt 
(t.b.), however, separates aggregates from area opaca (a.o.). 

Figs, 21, 22. Upper and lower surface of same stage XI blastoderm. Most posterior aggregates coalesce to 
form Kbl!er*s sickle, anterior to transparent belt. 

Figs. 23, 24. Upper and lower surface of same stage XII blastoderm. Roller's sickle being its posterior 
margin, a hypoblast (hyp.) is forming progressing in an anterior direction. At this stage hypoblast underlies 
only posterior half of the epiblast. 
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VI. This cavity is filled with fluid and can 
be penetrated easily with a needle during 
the operation. 

This brings us to consider the true mean- 
ing of the appearance of the area pellucida 
(a.p.). The formation of the a.p. was a 
neglected period in the chick's develop- 
ment probably because it is intrauterine 
and because it is relatively short and takes 
4-6 hr. Most of the investigators did not 
even realize that this period is a very criti- 
cal one in development and were con- 
cerned only with the existence of the under- 
lying cavity. It was Clavert (1960, 1962) 
who stressed the connection between the 
appearance of the a.p. and the attaining of 
bilateral symmetry by the germ. Clavert 
realized that he could change the orienta- 
tion of the embryo by rotation in different 
directions, but this was effective only "as 
long as the area pellucida has not begun to 
appear. The formation of the a.p. corre- 
sponds with some important transforma- 
tion." 

By trying to analyze the phenomenon of 
symmetrization (Kochav and Eyal-Giladi, 
1971) we found that it was not rotation but 
the force of gravity that induced symmetry 
in the germ. By hanging the yolks of stage 
VI uterine eggs by their chalazae in beak- 
ers filled with Ringer*s solution we were 
able to observe the process of symmetriza- 
tion, and we saw that the a.p. began to 
appear at the future posterior side of the 
germ by the appearance of a transparent 
area, which gradually extended in an ante- 
rior direction. Up to this point we agree 
with the descriptions of Patterson (1909) 
for the pigeon and Clavert for the chick, 
but from here on our interpretations part. 
Clavert interpreted the appearance of the 



transparent spot as a "brutal detachment 
of the germ from the vitellus," which we 
have now seen to be incorrect. He also 
agrees with Kolliker (1875) that at the 
same time a rearrangement of cells occurs 
so that the germ that was five to six cells 
thick in its central region, is by then two to 
three cells thick. The answer to what is 
going on during the appearance of the 
transparent a.p. lies again in the observa- 
tion, of the lower surface of the live germ. 
From stage VII to stage X something bru- 
tal happens to the germ, but not a detach- 
ment from the yolk. Instead, many cells 
detach themselves in an orderly way from 
the ventral side of the multilayered 
opaque germ, to transform the germ by a 
gradual process, progressing from the fu- 
ture posterior to the future anterior side, 
into a thin transparent germ. The shed 
cells are found in the subgerminal cavity 
in the form of yolk balls (Dotter-Kugeln of 
Goette, 1874; Peter, 1938; or Furchungsku- 
geln of Kolliker, 1875), the existence of 
which could not be explained adequately 
until now. We describe here the first mor- 
phogenetic happening in chick develop- 
ment during which the direction of the 
embryonic axis is not only determined, but 
also can be seen very clearly. 

We are dealing with two quite difilerent 
phenomena which have thus far been con- 
fused in the literature. The formation of 
the subgerminal cavity is connected with 
the closing off of the lower side of the 
ventrally open blastomeres. This process 
therefore starts somewhere in the central 
region of the germ and spreads gradually 
centrifugally. At the end of stage VI, the 
cavity is spread under the entire germ and 
is a real gap filled with fluid. After the 



Pics. 25, 26. Upper and lower surface of stage XIII blastoderm. Full hypoblast (hyp.) is formed. Roller's 
sickle (k.s.) is still visible at posterior margin. Transparent belt (t.b.) now surrounding area occupied by the 
hypoblast separating it from area opaca (a.oj. 

Figs. 27, 28. Upper and lower surface of stage XIV blastoderm. At posterior side of blastoderm cellular 
bridge (pos. br.) develops connecting hypoblast with area opaca. 

Pigs. 29, 30. Upper and lower surface of Hamburger and Hamilton stage 2 blastoderm. Posterior bridge 
is clearly seen and in it beginning of primitive streak (p.s.). 
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formation of the cavity is completed, a mor- 
phogenetic process, started by the force of 
gravity, begins in an oriented posterio-an- 
terior direction. This morphogenetic proc- 
ess is externally expressed by the orderly 
shedding of the lower layers of cells start- 
ing at the future posterior and ending at 
the future anterior side, leaving a denuded 
central area as a thin transparent sheet — 
the area pellucida. At the termination of 
the above-described process, the symme- 
trized egg is ready to be laid. In the freshly 
laid egg, two distinct circular areas can 
already be distinguished, the peripheral 
area opaca and the central very thin, essen- 
tially single-layered area pellucida. By 
now the symmetrized germ looks radial 
again and it is difficult for an inexperi- 
enced eye to determine its polarity. How- 
ever very few investigators have faced this 
problem at the above stage of development 
(stage X). To get embryos at stage X one 
usually has to collect the eggs immediately 
on being laid, remove the germ from the 
yolk without delay, and inspect its lower 
surface. Unincubated eggs that are left for 
a few hours or more at room temperature, 
continue to develop slowly and when 
opened are found to be in a much later 
stage. As most investigators have the eggs 
supplied to them, they are received at a 
relatively late developmental stage, which 
accounts for the numerous faulty descrip- 
tions of an unincubated germ. Bellairs 
(1971) summarizes the literature on this 
point by saying that "hens' eggs have gen- 
erally become two-layered" when the egg 
is laid. 

The question of how the germ becomes 
two-layered has been dealt with by many 
investigators, most of whom again base 
their studies on fixed and sectioned mate- 
rial. The literature on this issue is abso- 
lutely fascinating, as almost every possi- 
ble explanation for the formation of the 
hypoblast has been adopted by somebody. 
There is at least a general concensus that 
the germ was once, while inside the 
uterus, a single-layered embryo and then 



became double layered. Balfour (1878) be- 
lieved that the large loose yolk balls (our 
yolk-laden cells) found at the bottom of the 
subgerminal cavity, which he named form- 
ative cells after Peremeschko (1868), sud- 
denly begin to undergo a process of meta- 
morphosis; from being spherical and non- 
nucleated, they become flattened and nu- 
cleated. These cells form hypoblast first at 
the center and later at the circumference. 
Disse (1878) prefers the idea of a gradual 
formation of the hypoblast from the periph- 
ery towards the center in a concentric fash- 
ion. Roller (1882) and Duval (1884), fol- 
lowed by Patterson (1909) for the pigeon, 
Jacobson (1938) for the chick, and Lutz 
(1955) for the duck, were very anxious to 
find a homology between the process of 
hypoblast formation and gastrulation in 
amphibians and managed to find each in 
his own way a blastopore either some- 
where in the embryonic disc or its j)oste- 
rior margin, 

A quite different approach was initially 
taken by Oellacher (1869), extensively de- 
veloped by Peter (1939), and later sup- 
ported by Pasteels (1945), who after study- 
ing the duck blastoderm changed his mind 
about his earlier observation of the chick 
(1937). They claim that "in the single lay- 
ered germ clefts appear, progressively sep- 
arating a superficial continuous epithe- 
lium from deeper cells." This process 
called by them del a mi nation, results in 
the formation of a bilaminar embryo. 

Chen (1932) interpreted the formation of 
the primary hypoblast in the duck as a 
forward growth by proliferation of the 
thickened posterior germ wall. He, how- 
ever, mentioned that the entoderm in the 
unincubated blastoderm is a loose layer of 
separate cells, and that it becomes filled 
in, to form a continuous coherent sheet 
during early incubation. 

Many other investigators (His, 1868; No- 
wack, 1902; Merbach, 1935; Pasteels, 1937; 
Vakaet, 1962; Spratt and Haas, 1965) have 
noticed that the primary hypoblast starts 
as a noncoherent layer, especially in the 
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future anterior region, and interpreted its 
appearance as a process of "polyinvagina- 
tion." Some of the above-mentioned au- 
thors added other mechanisms to the 
polyinvagination. For instance, Merbach 
(1935) advocated in addition an invagina- 
tion at the posterior end. 

Others, like Novi^ack (1902), Vakaet 
(1962). and Spratt and Haas (1965). claim 
that in addition to polyinvagination there 
is an anteriorly directed movement of cells 
of the lower layer from a posterior concen- 
tration of cells. Of the last group of au- 
thors, Nowack denies the existence of a 
posteriorly situated concentration of cells 
(Roller's sickle) from which the initial pri- 
mary hypoblast grows anteriorly, whereas 
Vakaet (1962) and Spratt and Haas (1965) 
agree that a concentration of cells reminis- 
cent of Roller's sickle exists, although 
there is probably no furrow (Sichelrinne) 
to account for a real invagination (blasto- 
pore), as suggested by Roller (1882) him- 
self. 

The material presented here demon- 
strates very clearly all the stages of forma- 
tion of the primary hypoblast. At stage X, 
while the area pellucida is completed, the 
primary hypoblast is already starting to 
form as isolated clusters (i.ag.) of cells 
being more crowded at the posterior side of 
the germ. However, there is a transparent 
beltlike, pure epiblastic region (t.b.) sepa- 
rating the above aggregates from the pos- 
terior area opaca. At stage XI, there is a 
notable increase in cell population density 
at the posterior side forming a clearly de- 
marcated sickle (Roller's sickle, k.s.), an- 
terior to which the as-yet noncoherent cell 
clusters also seem to grow in size. At stage 
XII, the sickle becomes coherent with the 
aggregates of the posterior half to form the 
posterior region of the primary hypoblast, 
probably the area called by Roller (1882) 
the embryonic shield and by Peter (1938) 
the Entodermhof. Also at this stage the 
posterior sickle and the transparent belt 
behind it are well defined. The same is 



also true for stage XIII, at which the hypo- 
blast has been completed. We are con- 
fronted with a postero-anteriorly directed 
second morphogenetic event, following 
very closely in time and orientation the 
formation of the area pellucida. Whereas 
the formation of the area pellucida is char- 
acterized by the scattered appearance (pol- 
yinvagination) of isolated cells and cell ag- 
gregates on the lower surface of the germ. 
These aggregates coalesce in an orderly 
manner to form the gradually growing pri- 
mary hypoblast sheet. 

We do not as yet have sufficient data to 
decide whether the formation of the hypo- 
blast involves only a coalescence of the 
isolated aggregates or also an active ante- 
riorly directed movement. 

Toward the end of hypoblast formation, 
a cellular bridge appears connecting the 
central region of the posterior sickle with 
the posterior area opaca (Figs. 27 and 28, 
pos. br.). Inside this bridge, the first rudi- 
ment of the primitive streak appears. It is 
not yet clear how this bridge is formed. 

After the complete picture of the gross 
morphologic events has been clarified it is 
felt that a revision of some terms currently 
used for the early stages is necessary. The 
confusion is best demonstrated in text- 
books: Patten (1971) uses the term blasto- 
disc for the cytoplasmic disc before cleav- 
age, whereas a blastoderm is a germ after 
many divisions. Balinsky (1970) inconsist- 
ently uses the terms blastoderm and blas- 
todisc for the same developmental stages. 
Bellairs (1971) does not use the term blas- 
todisc at all and mentions only the term 
blastoderm. It is therefore suggested that 
the term germ be employed for the devel- 
oping chick embryo. The term blastodisc 
should be avoided, and if desired a germ 
from stage VI onwards can be called a 
blastoderm. 

Many thanks are due to Mrs. M. Ginsburg and 
Mrs. N. Feinstein for help with extraction of eggs at 
very odd hours and to Mr. A. Niv for help in making 
prints of figures. 
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